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MULTI-NETWORK ARCHITECTURE FOR
MEDIA DATA EXCHANGE

CLAIM OF BENEFIT TO PRIOR APPLICATION

This application is a continuation of U.S. patent applica-
tion Ser. No. 12/832,049, filed Jul. 7, 2010, which claims the
benefit of U.S. provisional patent application 61/321,868,
filed Apr. 7, 2010 whose disclosure is incorporated herein by
reference as if set forth in its entirety.

BACKGROUND

With proliferation of general-purpose computers, many
networks have been implemented to connect the computers.
Many different types of data are exchanged between the com-
puters through the networks. Examples of such data types
include audio data, video data, text data, picture data, game
data, and/or other media data.

Different networks have different topologies. Examples of
such network topologies include mesh networks, star net-
works, bus networks, ring networks, tree networks, etc. A
mesh network allows several network nodes (i.e., several
computers connected by the network) to route signals to
several other nodes, and thereby allows network nodes to
connect to each other via one or more hops through other
network nodes. In a star network, each network node is con-
nected to a central hub, so that all traffic that traverses the
network passes through the central hub. In a bus network, all
network nodes are connected to a single bus communication
line, and a signal from one node travels in both directions of
the bus until it finds a destination node. A ring network con-
nects its network nodes in a closed loop or ring, and a signal
from one node passes through each node in one direction of
the ring until it finds a destination node. In a tree network,
each network node is connected to a central hub through
which all traffic that traverse the network passes, but some
nodes are connected to the central hub via several hierarchies
of intermediate hubs.

Different networks have different advantages and disad-
vantages. To establish communication between sets of com-
puting devices, most solutions establish one type of network
between the computing devices. Accordingly, these solutions
enjoy certain advantages provided by their choice of network
while also suffering from the disadvantages of their chosen
network.

BRIEF SUMMARY

Some embodiments of the invention use several different
types of networks to relay several different types of media
content among several different computing devices (such as
desktop computers or mobile computing devices). The media
content of some embodiments is data that a computing device
can process in order to provide a presentation of the media
content to a user of the device. Examples of types of such
media content include audio data, video data, text data, pic-
ture data, game data, and/or other media data.

In some embodiments, two different networks relay media
content of two different types among multiple computing
devices. Specifically, in some embodiments, a first network
routes among the computing devices one type of media data
content (e.g., game data), while a second network routes
among the computing devices another type of media data
content (e.g., audio and/or video data of game participants).

The two networks differ in some embodiments based on
their topology. For example, in some embodiments, the first
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network is a mesh network, while the second network is a star
network. A mesh network allows several network nodes (i.e.,
several computing device connected by the network) to route
signals to several other nodes, and thereby allows network
nodes to connect to each other via one or more hops through
other network nodes. In a star topology, each network node is
connected to a central hub, so that all traffic that traverses the
network passes through the central hub. Some embodiments
use a particular type of star network, called a focus point
network, which has a network hub (i.e., a focus node) that
processes (e.g., composites) all the data that it receives from
the other networks nodes before re-transmitting that data to
the other network nodes.

Some embodiments provide a method that dynamically
designates one of the network nodes as a network hub (e.g., as
a focus node) of the star network (e.g., of the focus-point
network), at the start of a network communication session
among the network nodes that is facilitated by the mesh and
star networks. In some embodiments, this method also
dynamically designates a new network hub when the previ-
ously designated network hub leaves the communication ses-
sion, which continues among the other network nodes. This
method uses different techniques in different embodiments to
dynamically designate the network hub of the star network.
For instance, the method of some embodiments uses commu-
nications transmitted along the mesh network to dynamically
identify the network hub at the start of the network commu-
nication session or after the departure of a previously desig-
nated network hub.

In some embodiments, a computing device designated as a
network hub of the star network receives audio signals from
computing devices of participants in an audio chat session.
The network hub generates a composite signal for each par-
ticipant using the received signals. To generate each of these
signals, the network hub performs a number of operations
including decoding, buffering, additional processing, mixing,
encoding, etc. Some of these operations are especially costly,
in that their performance consumes substantial computational
resources (e.g., CPU cycles, memory, etc.) of the focus point
computing device.

In some embodiments, audio processing performed by the
network hub can be optimized in a manner that reduces the
amount of computational resources needed to process the
received audio signals. Some embodiments optimize the
audio processing by accounting for silent participants. In
some embodiments, a silent participant is either (i) a partici-
pant that is not presently speaking or otherwise making noise
or (ii) a participant whose audio is muted with respect to
another participant.

The network hub of some embodiments improves its audio
processing performance by selectively bypassing some or all
of'the operations that would have been performed to generate
mixed audio signals. In some situations, the network hub
sends an audio signal from a first participant to a second
participant without processing or mixing the audio signal. In
other situations, the network hub sends a single mixed audio
signal to multiple participants.

The preceding Summary is intended to serve as a brief
introduction to some embodiments of the invention. It is not
meant to be an introduction or overview of all inventive
subject matter disclosed in this document. The Detailed
Description that follows and the Drawings that are referred to
in the Detailed Description will further describe the embodi-
ments described in the Summary as well as other embodi-
ments. Accordingly, to understand all the embodiments
described by this document, a full review of the Summary,
Detailed Description and the Drawings is needed.
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BRIEF DESCRIPTION OF THE DRAWINGS

The novel features of the invention are set forth in the
appended claims. However, for purpose of explanation, sev-
eral embodiments of the invention are set forth in the follow-
ing figures.

FIG. 1 illustrates an example of a multi-network approach
to relay several different types of media content among sev-
eral different computing devices.

FIG. 2 illustrates a mesh network of some embodiments.

FIG. 3 illustrates a focus network of some embodiments.

FIG. 4 illustrates a focus point module of some embodi-
ments.

FIG. 5 illustrates some embodiments that use two networks
to relay game data and audio data between multiple comput-
ing devices.

FIG. 6 conceptually illustrates an example of a process that
some embodiments use to conduct a multiplayer game and an
audio chat among multiple computing devices.

FIG. 7 conceptually illustrates an example of a process that
some embodiments use to set up a focus point network.

FIG. 8 conceptually illustrates an example of a process that
some embodiments use to set up a focus point network.

FIGS. 9-11 illustrate a mesh network that is used in some
embodiments to set up a focus network to conduct an audio
chat.

FIG. 12 illustrates some embodiments that use two net-
works to relay game data and audio data between multiple
computing devices.

FIG. 13 illustrates a mesh network that is used in some
embodiments to continue an audio chat after a computing
device drops out of the chat.

FIG. 14 illustrates some embodiments that use two net-
works to continue to relay game data and audio data between
multiple computing devices after a computing device drops
out of the networks.

FIG. 15 illustrates a computing device of some embodi-
ments that is unable to establish a link with a focus point
computing device.

FIG. 16 illustrates a mesh network that is used in some
embodiments to set up a focus network to conduct an audio
chat.

FIG. 17 illustrates a computing device of some embodi-
ments that is unable to participate in an audio chat.

FIG. 18 illustrates a computing device of some embodi-
ments that is unable to participate in an audio chat through
one network participating in the audio chat through another
network.

FIGS. 19-21 illustrate a focus point module of some
embodiments.

FIG. 22 conceptually illustrates an example of a process
that some embodiments use to process audio signals.

FIG. 23 illustrates some embodiments that use two net-
works to relay game data and audio/video data between mul-
tiple computing devices.

FIG. 24 illustrates an example of the architecture of the
software applications of some embodiments.

FIG. 25 conceptually illustrates an example of a process
that some embodiments use to conduct an audio/video chat.

FIG. 26 illustrates a focus network of some embodiments
conducting an audio chat.

FIG. 27 illustrates the operation of an exemplary focus
point network through which multiple computing devices
exchange A/V data.

FIG. 28 illustrates an API architecture used in some
embodiments.
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FIG. 29 illustrates an example of how APIs may be used
according to some embodiments.

FIG. 30 illustrates a computing device with which some
embodiments of the invention are implemented.

FIG. 31 conceptually illustrates a computing device with
which some embodiments of the invention are implemented.

DETAILED DESCRIPTION

In the following detailed description of the invention,
numerous details, examples, and embodiments of the inven-
tion are set forth and described. However, it will be clear and
apparent to one skilled in the art that the invention is not
limited to the embodiments set forth and that the invention
may be practiced without some of the specific details and
examples discussed.

Some embodiments of the invention use several different
types of networks to relay several different types of media
content among several different computing devices. FIG. 1
illustrates one example of such a multi-network approach.
Specifically, it illustrates two different networks 115 and 120
that relay media content of two different types among five
different computing devices 125-145.

FIG. 1 illustrates this dual network approach in terms of
three views: (1) acombined view 100 of the two networks 115
and 120 connecting the five computing devices 125-145, (2)
a spotlight view 105 of the first network 115 connecting these
computing devices, and (3) a spotlight view 110 of the second
network 120 connecting these computing devices.

Computing devices 125-145 are devices that can perform
computational operations, and that can exchange data with
other computing devices through networks to which they can
connect. Examples of such computing devices include desk-
top computers, mobile devices, etc. A desktop computer is
generally a computer intended for use in one location. A
mobile device broadly refers to, without limitation, a cellular
phone, a smart phone, a personal digital assistant (“PDA”), a
wireless email system (e.g., a BlackBerry™ handheld
device), a portable computer, portable electronic music
device (e.g., an MP3 player), a portable electronic game
device (a PlayStation™ Portable) or any device that can be
easily moved around by a person.

In the example illustrated in FIG. 1, the computing devices
125-145 are in a communication session to exchange data
with each other. Specifically, in FIG. 1, the computing devices
125-145 are exchanging media content of at least two differ-
ent types through two different networks 115 and 120.

The media content of some embodiments is data that a
computing device can process in order to provide a presenta-
tion of the media content to a user of the device. Examples of
types of such media content include audio data, video data,
text data, picture data, game data, and/or other media data.

Inthe example illustrated in FIG. 1, the network 115 routes
among the computing devices one of these media data types
(e.g., game data), while the network 120 routes among the
computing devices another one of these media data types
(e.g., audio and/or video data of game participants). A net-
work is a collection of devices (e.g., computers, routers,
switches, etc.) that is connected by communication intercon-
nects (e.g., wireless connections and/or wired interconnects).
A network facilitates communications among other comput-
ing devices and allows these other devices to share resources.

A network is typically depicted as a collection of point-to-
point links between the computing devices connected by the
network. The network is a physical network when each point-
to-point link of a network presents an actual wired or wireless
direct connection between a pair of computing devices. The
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network is a logical network when one or more of the point-
to-point links between pairs of computing devices does not
represent an actual direct connection between one or more
pairs of computing devices, but instead represents only logi-
cal connections that indicate the passing of data between the
pairs of computing devices. In the example illustrated in FI1G.
1, the networks 115 and 120 can be either physical networks
or logical networks.

The links that are established in a physical or logical net-
work might be ephemeral links that exist during a single
communication session. In other words, each point-to-point
communication link can be a communication-session con-
nection between two computing devices that disappears upon
termination of the session.

Physical or logical networks are often characterized by
their network architectures. Different network architectures
have different network topologies that specify different
arrangement of communication links between the computing
devices and different attributes for these communication
links. For instance, one communication link between two
devices can be a uni-directional link that specifies that data is
only exchanged in one direction between the two devices (i.e.,
one device only sends data while the other device only
receives data), while another communication link between
two devices can be a bi-directional link that specifies that the
two devices can send and receive data to each other.

Through the arrangement and properties of their specified
links, different network topologies provide diftferent schemes
for distributing data among the computing devices in their
networks. Specifically, a topology for a network specifies a
scheme for each computing device in the network for distrib-
uting to other computing devices in the network its data (e.g.,
its media content data) and in some cases the data (e.g., the
media content data) of one or more other computing device in
the network. For instance, different types of network topolo-
gies include mesh networks, star networks, bus networks,
ring networks, tree networks, etc., and each of these provides
a different network topology that specifies a different scheme
for each device to distribute its own data and in some cases the
data of other devices to the other devices in their networks.

In the example illustrated in FIG. 1, the network 115 is a
mesh network, while the network 120 is a star network. A
mesh network specifies is a type of network topology that
allows several nodes in the network (e.g., computing device
connected by the network) to route their own data and the data
of other nodes to several other nodes. With mesh networks,
computing devices can connect to each other via one or more
hops through other computing devices on the network (i.e.,
computing devices connected by the network can serve to
relay data between other computing devices connected by the
network).

In a star network, the network topology specifies one node
as a central hub of the network and specifies a link between
this central hub and each other network node. Through these
links, all data that traverses the network passes through the
central hub, in contrast to a mesh network. The central hub
often routes the data that it receives from one node to another
node and it is the only node in the network that can pass the
data of one node to another node. The central hub can also
send its own data to other nodes. It may also act as a signal
booster or repeater.

In FIG. 1, the spotlight view 105 provides an illustration of
the mesh network 105 that allows the computing devices
125-145 to exchange a first type of media content. In this
example, the mesh network 115 includes nine links that inter-
connect the five computing devices 125-145. Each of these
links is illustrated as a curved line. Through each link, a
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computing device can send media content to the computing
device at the other end of the link, or to a computing device
that directly connects, or indirectly connects through other
links, to the computing device at the other end of the link. For
example, computing device 130 can exchange media content
with computing device 145 through the link between these
two devices. Also, despite no link existing between comput-
ing devices 130 and 140, the media content from computing
device 130 can reach computing device 140 through the link
that connects devices 130 and 145 and the link that connects
devices 145 and 140.

The spotlight view 110 of FIG. 1 provides an illustration of
the star network 120 that allows the computing devices 125-
145 to exchange a second type of media content. In this
example, the star network 110 has four links (each repre-
sented by a hollow line) that interconnect each of the devices
125, 130, 140 and 145 with the device 135, which serves as
the hub of the network. As the hub, the computing device 135
can receive media content of the second type from the other
computing devices, and it can distribute the received media
content to other computing devices. The computing devices
125, 130, 140 and 145 are not allowed to be connected to any
other computing device other than computing device 130 in
such a star network.

Several more detailed embodiments are provided below by
reference to mesh and star networks. However, irrespective of
the examples provided above and below, one of ordinary skill
will realize that other embodiments might use other combi-
nation of networks to distribute different types of media con-
tent. For instance, other embodiments might use other pairs of
network topologies (e.g., mesh and ring networks) to distrib-
ute different types of media content. As mentioned above,
different network topologies provide different schemes for
their computing devices to route their own data as well as the
data of other devices amongst the devices. For instance, while
a star network only allows one computing device to route the
data of other computing devices, and a mesh network allows
more than one computing device to route the data of more
than one other computing devices to more than one other
computing devices, a ring network allows each computing
device to send the content of other computing devices to at
most one other computing device. A ring network also only
allows each computing device to receive the content of other
computing devices through at most one other computing
device.

In several embodiments described below, the mesh and star
networks are created to allow multiple players to play a game.
In these embodiments, the mesh network is used to allow the
exchange of game data between the players, while the star
network is used to relay audio and/or video data from the
participants of the games. One of ordinary skill will realize
that instead of using the dual network approach of some
embodiments to exchange game and audio/video data, other
embodiments might use such an approach to exchange other
types of media content.

Before describing the dual network approach for exchang-
ing game and related audio/video data in Section II, Section |
below describes the use of a mesh network to exchange game
data, and the use of a particular star network (called a focus
point network) to exchange audio data. Finally, Section III
describes conducting an audio/video conference using the
mesh and focus point networks of some embodiments.

1. Mesh Network and Focus Point Network

As described above, some embodiments simultaneously
connect several computing devices using two or more difter-
ent network topologies. In some embodiments, the comput-
ing devices use a mesh network to exchange game data while
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also using a star network to exchange audio data. Some such
embodiments use a specific type of star network referred to as
a focus point network. A focus point network, as will be
described in further detail below, enables all of the computing
devices to obtain data captured by other computing devices,
through the computing device at the center of the star (the
focus point device), which may perform additional process-
ing on the data that originated from one non-focus device
before re-transmitting that data to one or more of the non-
focus devices.

A. Mesh Network

A mesh network, as described above, is a network topology
in which several of the computing devices have links estab-
lished with multiple other computing devices. In a mesh
network, each computing device is able to send data to and
receive data from each of the other nodes, either directly or
through one or more of the other computing devices in the
network. That is, a first computing device that connects
through a direct link to a second computing device in the
mesh network may only be able to connect to a third comput-
ing device through one or more other computing devices in
the network. The setup and operation of such mesh networks
of some embodiments are described in U.S. patent applica-
tion Ser. No. 12/832,003, entitled “Apparatus and Method for
Inviting Users to Online Sessions,” and issued as U.S. Pat.
No. 8,412,833 filed concurrently with the present application.
This U.S. patent application Ser. No. 12/832,003, entitled
“Apparatus and Method for Inviting Users to Online Ses-
sions,” is incorporated herein by reference.

FIG. 2 illustrates such a mesh network 205 of some
embodiments. FIG. 2 illustrates a mesh network in terms of
three views: (1) a view 210 of the mesh network 205, (2) afirst
exploded view 215 of three computing devices 230, 235, and
255 and the network links between them, and (3) a second
exploded view 220 of two computing devices 265 and 270
and the network link between them.

As shown in the view 210, the mesh network 205 has
numerous links (depicted as straight lines) that route game
data between twelve computing devices 225-280. As
described above by reference to FIG. 1, each computing
device in the mesh network can relay game data to another
computing device in the mesh network whether or not the two
computing devices are directly connected to each other.

For example, as shown in the view 210, the computing
device 225 connects directly to devices 230, 245, and 250 in
the mesh network. However, in order for the device 225 to
send game data to the device 255, the data must take a path
through at least one of the other devices. As shown in the view
210, one of these paths is along the link 290 from the device
225 to the device 250 and then along the link 295 from the
device 250 to the device 255. The device 225 could also
transmit game data to the device 255 through the device 230,
or through a combination of devices (e.g., the device 245 and
the device 270). Some embodiments will generally transmit
data on a path that uses the least number of links, while some
embodiments transmit data on a path with the least time delay.
Other embodiments use other metrics, or take other
approaches (e.g., more random approaches) to send game
data through the mesh.

The computing devices connected by the links in a mesh
network (e.g., the links 290 and 295) may be in different
relationships and of different configurations in different
embodiments. Exploded views 215 and 220 illustrate
examples of such different relationships and configurations
of computing devices connected by links in the mesh network
205, while exploded view 221 illustrates an example of a
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relationship that cannot exist in the mesh network 200 in
some embodiments of the invention.

Specifically, the views 220 and 221 illustrate two possible
types of relationships between two computing devices that
have a direct network link. The exploded view 220 illustrates
a peer-to-peer relationship between the two computing
devices 265 and 270 connected by a link 223. As shown, each
of'the computing devices 265 and 270 acts as a server for the
other computing device by making resources available to the
other computing device. Conversely, each of the two comput-
ing devices is a client to the other, using the other’s resources.
This mutual server-client relationship is known as a peer-to-
peer relationship. In some embodiments, the links in a mesh
network are all such peer-to-peer links.

The exploded view 221 illustrates a server-client relation-
ship that cannot exist between two computing devices that are
connected by the mesh network in some embodiments. Under
the server-client approach, a first computing device (i.e., the
server) takes a request for a specific resource from a second
computing device (i.e., the client) and provides the requested
resource to the second computing device. The second com-
puting device, however, could not handle requests from the
first computing device nor could it make its resources avail-
able to the first computing device. As mentioned above, the
mesh network 205 of some embodiments does not include
server-client links as the computing devices may need to be
on equal standing with each other. Accordingly, FIG. 2 pic-
torially illustrates that the link 223 cannot be established in
terms of a server/client link shown in exploded view 221.

Although server/client links cannot be used in some
embodiments, the peer-to-peer link between two computing
devices might have a different configuration than the link
configuration illustrated in exploded view 220. For instance,
these link configurations may involve one or more interme-
diaries (e.g., different types of routers, etc.). Exploded view
215 illustrates two such peer-to-peer link configurations.

The exploded view 215 illustrates that three links 231-233
between three computing devices 230, 235, and 255 are
formed by two routers 216 and 217 and a network 218. The
network 218 is a network to which multiple routers are con-
nected in order to pass data to each other. Network 218 can be
a local area network, a wide area network, a network of
networks (such as the Internet), or any combination of such
networks.

The two routers 216 and 217 are different types of routers,
and highlight the fact that different routers may be present
between the computing devices of the mesh network 205. The
router 217 is a Network Address Translation (NAT) router,
which enables multiple computing devices to share a public
IP address for sending and receiving data. One example of a
NAT router is a wired or wireless router, such as that com-
monly used for home or office networks. One or more com-
puting devices of a mesh network may be located behind a
particular NAT router. For instance, devices 235 and 255 are
located behind the NAT router 217. That is, these two devices
connect to external networks and devices through the NAT
router 217.

Different types of NAT routers may be used in different
embodiments. For example, some NAT routers only route
outgoing data that is sent from a computing device behind the
router to an external computing device. Such NAT routers do
not route incoming data that is sent from an external comput-
ing device to a computing device behind the router. A NAT
router of some type routes incoming data only if outgoing
data has previously been sent to the external computing
device that is sending the incoming data. A NAT router of
another type routes incoming data from any external comput-
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ing device as long as a computing device behind the router has
ever sent out outgoing data through the router. Some NAT
routers also route data internally between computing devices
(e.g., the computing devices 235 and 255) behind the router.
As such, there is a wide variety of NAT router behaviors that
account for so many different types of NAT routers.

In some cases, the computing devices may not be tied to a
specific NAT router and can connect to external networks
through any such local router that gives the device permis-
sion. The network router 216 is an example of such a local
router. This network router 216 routes data from one comput-
ing device to another computing device (e.g., based on an IP
address specified in the data) and thereby enables the com-
puting devices to establish a link between each other. In
general, network routers do not impose any restrictions on the
computing devices whose data they route, and will transmit
any data they receive.

The routers 216 and 217 are communicatively coupled to
the network 218. The NAT router 217 provides a connection
to the network 218 for the devices 235 and 255, while the
network router 216 provides a connection to the network 218
for the computing device 230. Accordingly, the computing
device 230 exchanges data with either the computing device
255 or the computing device 235 through the router 216, the
network 218 and the NAT router 217.

When the NAT router 217 receives such data, it routes the
data to the computing device 235 or 255. By doing so, the
NAT router enables the establishment of a link between the
devices 230 and 235/255. However, in some cases, the NAT
router is unable to establish multiple connection links with
the devices connected through the network 218. For example,
the NAT router 217 may be a type of NAT router that prevents
a computing device behind it from establishing an additional
connection link after a certain number of connection links are
established for that computing device. If computing device
235 had reached a limit imposed by the NAT router 217, no
more links can be established between computing device 230
and 255.

Having described a first type of network that connects
multiple computing devices, another type of network that
connects the multiple computing devices will now be
described in subsection B below.

B. Focus Point Network

As described above, a focus point network is a specific type
of'star network. In some embodiments, a focus point network
is utilized to transmit audio data. In a focus point network of
these embodiments, a computing device serving as the focus
point receives audio data from the other computing devices in
the network, processes the received audio data and its own
audio data generated by the computing device, and distributes
the processed data to the other computing devices. That is, a
first computing device designated as a focus point receives
audio data from a second computing device and a third com-
puting device, processes the received audio data and the first
computing device’s own audio data, and distributes the pro-
cessed data to the second and third computing devices.

1. Focus Point Architecture

FIG. 3 illustrates a focus point network 305 that is used in
some embodiments to exchange audio data among four com-
puting devices 310-325 (of four participants A, B, C, and D)
that are being used to play a game. In this example, it is
assumed that the game data is being relayed among the com-
puting devices along a mesh network, such as the one
described above by reference to FIG. 2.

As shown in FIG. 3, the focus point network 305 includes
three communication links 360-370 for connecting the four
computing devices 310-325, in order to supply audio signals
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330-340 to a focus point computing device, and to transmit
mixed audio signals 345-355 from the focus point computing
device. In this example, the computing device 310 is the focus
point computing device of the focus point network 305. The
computing device 310 receives the audio signals 330-340
from the computing devices 315-325, mixes the signals, and
distributes the mixed audio signals 345-355 to the computing
devices 315-325.

The computing devices 315-325 are non-focus computing
devices of the focus point network 325. These computing
devices send their audio signals to the focus computing
device 310 and receive the mixed audio signals from the focus
computing device 310. In some embodiments, the audio sig-
nals 330-340 are audio signals converted from the voices of
the participants using the computing devices. The mixed
audio signals 345-355 are participants’ audio signals mixed
by the computing device 310. This mixing operation by a
focus computing device will be described further below.

In order to start an audio conference, some embodiments
require a focus point network to be set up between the com-
puting devices of the participants. U.S. Patent Application
Publication No. 2006/0245378 entitled, “Multi-Participant
Conference Setup”, filed Apr. 28, 2005, hereinafter “’378
application” describes how some embodiments set up a multi-
participant audio chat through a focus-point network, such as
the one illustrated in FIG. 3. The 378 application is incorpo-
rated herein by reference.

The operation of the focus point network 305 will now be
described. When the audio chat is set up during a game
session, the non-focus point the computing devices 315-325
send their audio signals 330-340 to the focus point computing
device 310. As the central distributor of audio signals, the
focus computing device 310 then receives the audio signals.
With the received audio signals 330-340 and the audio signal
of the participant A generated by the focus point computer
310, the focus computing device 310 generates the mixed
audio signals 345-355. The focus computing device 310 com-
presses and transmits the mixed audio signals 345-355 to each
of the non-focus computing devices 315, 320, and 325,
respectively.

As shown in FIG. 3, the focus point computing device 310
of'some embodiments removes a particular non-focus partici-
pant’s audio signal from the mixed audio signal that the focus
point computing device 310 transmits to the particular non-
focus participant. In such embodiments, the focus point com-
puting device 310 removes each participant’s own audio sig-
nal from its corresponding mixed audio signal in order to
eliminate echo when the mixed audio is played on the partici-
pant computer’s loudspeakers. Specifically, FIG. 3 shows that
(1) for participant B, the mixed audio signal 345 does not have
participant B’s own audio signal 340, (2) for participant C, the
mixed audio signal 350 does not have participant C’s own
audio signal 330, and (3) for participant D, the mixed audio
signal 355 does not have participant D’s own audio signal
335.

Having described a focus point network used to transmit
audio signals between the computing devices in the network,
how a focus point computing device of the network processes
the audio signals will now be described.

2. Audio Processing

The audio processing in the computing devices in a focus
point network is performed by audio processing applications
that execute on each computing device. Each audio process-
ing application in some embodiments includes two modules,
a focus point module and a non-focus point module, that
enable each application to allow its corresponding computing
device to perform both focus and non-focus point operations.
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In some embodiments, the audio processing application is an
application that runs on top of an operating system of its
corresponding computing device.

During a multi-participant chat, the audio processing
application uses the focus point module when the application
serves as the focus point of the chat, and uses the non-focus
point module when not serving as the focus point. The focus
point module performs focus point audio-processing opera-
tions when the audio processing application is the focus point
of a multi-participant audio chat. On the other hand, the
non-focus point module performs non-focus point audio-pro-
cessing operations when the application is not the focus point
of the chat. In some embodiments, the focus and non-focus
point modules share certain computing resources (e.g.,
decoders, encoders, etc.).

For some embodiments of the invention, FIG. 4 illustrates
an audio codec 400 of the focus-point module of the audio
processing application of some embodiments. This audio
codec is used by the focus point computing device 310 to
process the audio signals that it captures and receives. The
focus audio codec 400 generates mixed audio signals for
transmitting to the non-focus computing devices 315-320,
and performs audio presentation for the participant A who is
using the focus point computing device 310 during the audio
chat.

FIG. 4 illustrates that the audio codec 400 includes decod-
ers 410, intermediate buffers 420, audio mixers 430, encoders
435, audio processing unit 440, and a local capture module
415. Each decoder 410 receives an audio signal 405 from a
computing device of a participant through a link of the focus
point network 305, decodes the signal, and sends the decoded
signal to one of the intermediate buffers 420. Each interme-
diate buffer 420 stores the decoded audio signal until it is
ready to send the signal to the additional audio processing unit
440 and the corresponding audio mixers 430 for other par-
ticipants.

The local capture module 415 captures audio received from
the participant A through a microphone 450. Participant A
uses the focus point computing device to participate in the
chat session. The capture module 415 converts the audio
received through the microphone into an audio signal. The
local intermediate bufter 425 stores the converted audio sig-
nal until it is ready to send the signal to the additional audio
processing unit 440 and the corresponding audio mixers 430
for other participants.

The additional audio processing unit 440 performs certain
additional processing of the audio signal and sends the result
to the corresponding audio mixers 430 in some embodiments.
The *378 application describes some examples of such addi-
tional audio processing. One example is calculation of signal
strength indicia corresponding to the strength of each
received signal.

Each audio mixer 430 receives decoded signals and the
additional audio processing results and generates mixed
audio signals for one of the participants. In some embodi-
ments, the mixed audio signal for each particular participant
includes all participants’ audio signals except the particular
participant’s audio signal. Eliminating a particular partici-
pant’s audio signal from the mixed signal sent to the particu-
lar participant eliminates echo when the mixed audio is
played on the participant computer’s speaker or speakers.

Each audio mixer 430 mixes the audio signals by generat-
ing a weighted sum of these signals. In some embodiments,
the weights are dynamically determined based on the calcu-
lated signal strength indicia to achieve certain objectives. An
example of such objectives include the elimination of weaker
signal, which are typically attributable to noise. Further
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details of the audio signal mixing process are described in the
’378 application. The audio mixer 430 then sends the mixed
signal to the corresponding encoder 435 or to the local
speaker or speakers 445 to be played for the participant using
the focus point computer.

Each encoder 435 receives a mixed signal from the corre-
sponding audio mixer 430, encodes the signal, and sends the
encoded signal to the corresponding computing device of the
non-focus participant.

The operation of audio codec 400 during a multi-partici-
pant audio chat will now be described. During its audio mix-
ing operation, two or more decoders 410 receive two or more
audio signals 405 containing digital audio samples from two
ormore non-focus point modules of the non-focus computing
devices of the participants in the chat. The decoders 410
decode and store the decoded audio signals in two or more
intermediate buffers 420. In some embodiments, the decoder
420 that receives each non-focus computer’s audio signal
uses a decoding algorithm that is appropriate for the audio
codec used by the non-focus computer. This decoder is speci-
fied during the process that sets up the audio chat in some
embodiments.

The focus audio codec 400 also captures audio from the
participant that is using the focus point computing device,
through the microphone 450 and audio capture module 415.
The focus audio codec stores the captured audio signal from
the focus-point participant A in the local immediate buffer
425. Next, the additional audio processing unit 440 performs
additional audio processing for each set of audio samples
stored in the intermediate buffers and sends its output to audio
mixers 430. As described above, this processing may include
calculation of signal strength indicia corresponding to the
strength of each received signal.

The audio codec 400 then utilizes the audio mixers 430 to
mix the buffered audio signals based on the output of the
additional audio processing unit in some embodiments. Each
of'the audio mixers 430 generates mixed audio signals for one
of the participants. In some embodiments, the mixed audio
signal for each particular participant includes all participants’
audio signals except the particular participant’s audio signal.
The audio mixers 430 of some embodiments then mix the
audio signals by generating a weighted sum of these signals as
described above.

Next, the encoders 435 encode the mixed audio signals and
send them to their corresponding non-focus computing
devices. Each particular encoder is specified, corresponding
to a particular non-focus computing device, when the particu-
lar non-focus computing device begins to send its audio sig-
nal to the focus computing device. The mixed audio signal for
the focus point computer is sent unencoded to the local loud
speaker 445 in some embodiments.

Having described a mesh network utilized to transmit game
data, and a focus network utilized to transmit audio data
between the computing devices of the network, the following
Section II will now describe in detail how these two networks
can be utilized to conduct a voice chat among multiple par-
ticipants while they are playing a multiplayer game.

II. Dual Networks for Game and Chat Data

As described above, some embodiments use two (or more)
networks to transmit multiple types of data between multiple
game participants. Examples of such games can include a
multiplayer car racing game such as Real Racing®, a multi-
player strategy game such as Robocalypse®, etc. Some
embodiments provide a mesh network for transmitting game
data between the devices and a separate focus network for
transmitting audio data for audio chat among the players.
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FIG. 5 illustrates one example of game session that is
facilitated through such a dual network approach. In this
example, a first network 505 is a mesh network for routing
game data and a second network 510 is a focus network for
routing audio data. In some embodiments, the mesh network
is first set up, and then the focus network is set up once one of
the participants initiates a chat. To set up the focus network,
some embodiments designate a focus point device, and in
case this device leaves the network (e.g., when its user shuts
off the device or leaves the game), some of these embodi-
ments dynamically designate a new focus point with minimal
interruption to the chat among the players.

FIG. 5 illustrates the game session in two stages 515 and
520. The first stage 515 shows five players A, B, C, Dand E
(1) playing a game together through the mesh network 505 and
their computing devices 525-545, and (ii) chatting through
the focus point network 510 with the computing device 525
serving as the focus point computing device. The second
stage 520 shows four players B, C, D, and E continuing their
game after player A departs from the game. The second stage
520 further shows that after player A’s departure, the com-
puting device 530 (of player B) is dynamically identified and
designated as the focus point device, in order to allow the
audio chat among the players to continue through this device
and the focus point network.

As shown in the first stage 515, the five players A-E are
playing their game together using their computing devices
(e.g. media player, smart phone, personal computer, etc.)
through the mesh network 505 (i.e., the computing devices
are exchanging game data through the mesh network 505).
Each thin curved line depicts a link between two computing
devices in the mesh network 505. Each hollow straight line
depicts a link between two computing devices in the focus
network 510. In some embodiments, these links are estab-
lished in similar manner as the links described above in Sec-
tion L. A. by reference to FIG. 2.

In order to play a game together, the game data 550 of each
computing device must reach each of the other computing
devices of the participants in the game. Without the game data
for a first player, the first player’s representation in the game
(e.g., a car in an auto racing game) will not be properly
rendered on a second player’s computing device. Different
games will transmit different data between the participants.
For instance, an auto racing game will transmit the speed,
track position, direction, fuel level, etc. of a player’s car as
game data. Other types of multiplayer games will transmit
different game data about the players’ representations in the
game.

As described above, a mesh network provides a reliable
way of exchanging data (e.g., the game data) among multiple
computing devices in the network even though some comput-
ing devices are not directly connected by a link. As shown in
the first stage 505, the computing devices 535 and 545 of
players C and E which are not directly connected to each other
in the mesh network 505 can exchange game data between
them through the mesh network 505 (through any one of the
computing devices 525, 530, or 540).

As shown in the first stage 515, the five players are also in
a chat session through the focus point network 510 using their
computing devices (i.e., the computing devices are exchang-
ing audio data through the focus point network 510). Since
computing device 525 of player A is initially designated as the
focus point of the focus network 510, the computing device
525 is connected to each of the other computing devices
530-545 through the focus network 510. Each of the comput-
ing devices 530-545 is connected only to the focus computing
device 525 (in the focus network). The audio data from non-
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focus computing devices 530-545 are received and processed
by the focus point computing device 525, in a similar manner
as described above in Section I.B. by reference to FIG. 3. The
focus point computing device 525 distributes mixed audio
signals to each of the non-focus computing devices 530-545
through the focus point network 510.

The second stage 520 of FIG. 5 illustrates how the game
and the chat can continue when the focus point device dis-
connects from both the mesh network 505 and the focus
network 510. As shown in the second stage 520, the comput-
ing device 525 is disconnected from both the mesh network
505 and the focus network 510. A computing device can be
disconnected from a network in a number of different ways.
For instance, a user may power off the computing device or a
router that the computing device is located behind may fail for
some reason and thereby break all the links that connected the
focus computing device to other computing devices in the
network.

In some embodiments, the computing device disconnects
from the focus network 510 but remains connected through
the mesh network 505. For example, the player using the
focus point computing device might opt out of the chat ses-
sion but continue to play the game via the mesh network 505.
When the player that uses the focus point device decided to
opt out of the audio chat during the game, some embodiments
continue using the focus point computing device to perform
the focus point operations, while other embodiments select
another one of the computing devices as the focus point
device. Hence, some embodiments dynamically identify a
new focus point computing device during a game session,
even when the previous focus point computing device has not
dropped out of the game.

When the computing device 525 drops out of the game in
the example illustrated in FIG. 5, each of the computing
devices remaining in the mesh network 505 is directly con-
nected to the other remaining computing devices in the mesh
network 505, except for the computing devices 535 and 545.
However, as shown in the second stage 520, all the remaining
players can continue playing the game without player A
because their computing devices 530-545 can still exchange
their game data among themselves through the mesh network
505.

The second stage 520 also shows that after the focus point
computing device 525 drops out, the computing device 530 of
player B is designated as a new focus point of the focus point
network 510. The processes for designating a computing
device as the focus point at the start or in the middle of an
audio chat will be further described below. Once the comput-
ing device 530 is designated as the new focus point, the voice
data from non-focus computing devices 535-545 are
received, mixed and distributed by the new focus point com-
puting device 530, as shown in the second stage 520.

Having introduced a game session among multiple players
facilitated through a mesh network and a focus point network,
several more detailed examples of such game sessions will
now be described in the following sub-sections of Section II.
Subsection A describes how to set up a multi-player game and
audio chat through a mesh network and a focus point network.
Section B then describes more details of setting up the focus
point network. Next, subsection D describes how a new focus
point computing device is designated when the initial focus
point computing device drops out of the network. Subsection
E then follows with a description of a scenario where a player
cannot participate in the audio chat through the focus point
network. Next, subsection E describes several embodiments
that allow a player who cannot participate in the audio chat
through the focus point network to participate in the audio
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chat through the mesh network. Subsection F then describes
several embodiments that optimize the audio processing that
is performed at the focus point computing device. Subsection
G then describes several embodiments that relay video data
through the focus point network. Finally, subsection H
describes software modules that execute on the computing
devices and that perform the operations of the mesh and
focus-point networks.

A. Setting Up a Game

FIG. 6 conceptually illustrates a process 600 performed by
a computing device of a first player to set up a game with an
audio chat capability. This process is performed by one or
more software applications that are executing on this com-
puting device. The process 600 first sets up a mesh network to
exchange game data and later sets up a focus network to
exchange audio data with other computing devices of the
other players during the game. In some embodiments, the
process 600 is performed simultaneously (or nearly simulta-
neously) by each of the devices joining the multiplayer game.

In some embodiments, the process 600 starts when the
player directs his computing device to start a multiplayer
game with other players using their computing devices. The
player can direct his computing device by entering inputs,
such as clicking a mouse button or tapping a touchscreen to
select a Ul item, and/or pressing keys on a keyboard, etc.

In some cases, the player joins a game that is already in
progress, or joins a game at the start of the game in response
to an invitation of another. However, in the exemplary process
600 illustrated in FIG. 6, it is assumed that the player is the
one who initiates the game. Accordingly, in this example, the
process 600 initially accesses (at 605) a matchmaking server
to receive a list of players for the multi-player game. In some
embodiments, the list contains a number of players whose
criteria for playing the game match with the criteria of the first
player using the computing device. For example, the players
in the list might be interested in the same game with other live
participants (e.g., as opposed to playing against a computer-
controlled character). In other embodiments, the list contains
players that the first player specifically invited through the
matchmaking server to play the game. In some embodiments,
the list also contains information about each player’s com-
puting device that enables the first player’s device to reach the
other players’ computing devices. Such information might
include a network address (e.g., an IP address) of the other
player’s computing device.

Once the list is received, the process builds (at 610) a mesh
network connecting the computing devices of the players in
the list by attempting to establish a link with each of the other
computing devices of the other players in the list. At the same
time, similar processes running on the other devices also
attempt to establish links between their respective devices
and the other devices.

In some cases, the process succeeds to establish links with
only some of the computing devices in the list. The process
records, in a primary connection table, those computing
devices with which the process successfully establishes links.
To the entry of each computing device recorded in the primary
table, the process also adds link information related to the link
that is established with the computing device. Such link infor-
mation may include the bandwidth, delay, and quality of the
link. The process then sends this primary connection table
back to the matchmaking server in some embodiments. In
these embodiments, similar processes running on the other
devices also sends their respective primary connection tables
to the match making server. Once the server collects primary
connection tables from all the computing devices in the play-
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ers list, the process receives from the server primary connec-
tion tables of the other computing devices.

From the received primary connection tables, the process is
then able to figure out how to communicate with (i.e., how to
exchange data with) those computing devices with which the
process failed to establish links. For example, the process has
failed to establish a link with a second computing device, but
the process now sees, from the primary connection table of'a
third computing device, that the third computing device has
established a link with the second computing device. If the
process has succeeded to establish a link with the third com-
puting process, the process can exchange data with the second
computing device via the third computing device. In other
words, the process can send its data through the link it estab-
lished with the third computing device and then the third
computing device can relay this data through the link it estab-
lished with the second computing device.

By going through the received primary connection tables,
the process may find many such indirect paths to reach the
second computing device. In some cases, a path may include
just one computing device (e.g., the third computing device)
to relay data sent by the process to the second computing
device. In some other cases, a path may include more than one
computing device to relay data sent by the process to the
second computing device. It follows that there can be many
such paths that the process can send its data over to the second
computing device. The process records these paths in an entry
for the second computing device in a secondary connection
table. Also, the process ranks the paths based on metric scores
of each path.

A metric score for each path is computed based on the link
information included in the primary connection tables. For
example, the metric score for the path that connects the com-
puting device of the first player and the second computing
device via the third computing device is computed based on
the link information of the link connecting the computing
device of the first player and the third computing device and
the link information of the link connecting the third comput-
ing device and the second computing device. The former link
information is included in the primary connection table of the
computing device of the first player. The latter link informa-
tion is included in the primary connection table of the third
computing device. In some embodiments, the metric score
may be sum of the delay associated with the two links. In
some other embodiments, bandwidth and quality of the link
may be factored in when the process calculates the metric
score. The process may also limit the number of paths the
process adds to an entry. For example, the process may add
only the top three paths with the best three metric scores.

For each computing device to which the process failed to
establish a link, the process places an entry in the secondary
connection table and adds these indirect paths to the entry. In
some embodiments, the secondary table for each computing
device may be prepared by the matchmaking server and sent
to each server. In these embodiments, the process receives the
secondary table for the computing device of the first player
from the matchmaking server after sending its primary con-
nection table to the matchmaking server.

There might be some cases when a computing device fails
to establish a link with any of the other computing devices.
Also, there might be some cases when a few computing
devices are able to establish links with each other but fail to
establish links with any other computing devices. In such
cases, those computing devices may not participate in the
game because game data cannot be exchanged between these
computing devices and the rest of the computing devices. For
the purpose of the following discussion, it is assumed that all
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the computing devices in the list are either directly or indi-
rectly connected to each other.

Once the mesh network connecting all computing devices
of'the players in the list is built, the process joins (at 615) the
player to the game that the players have agreed to play. That
is, the process starts generating game data for the first player’s
representation in the game. The process then sends (at 620)
this game data to each of the other computing devices through
the mesh network. At 620, the process also starts to receive
game data from the other computing devices through the
mesh network.

While the game is being played among the computing
devices (i.e., while the game data is exchanged among the
computing devices through the mesh network), the process
determines (at 625) whether to elect to join an audio chat
session with other computing devices of other players who
are playing the game. In some embodiments, this determina-
tion is based on the input from the player of the computing
device executing the process 600. Such inputs might include,
for example, the player’s selection of an option to initiate a
chat session or to elect to join a chat session initiated by one
or more of the other players in the game. This selection may
involve clicking a mouse button or tapping a touchscreen to
select a Ul item, selecting an option through keyboard input,
etc.

Some embodiments initiate a chat by exchanging beacons
among the computing devices in the mesh network for the
game. In some embodiments, each beacon is a piece of data
that indicates to another device the sender’s desire to establish
a link with the receiver. The beacon of some embodiments
provides at least identification information about the sender.
The use of such beacons will be described in detail by refer-
ence to FIG. 8 below.

When the process 600 determines (at 625) that the player
has not specified that the process should join or initiate an
audio chat session with other computing devices, the process
determines (at 635) whether the game has ended. In some
cases, a game ends by mutual agreement of the players and
corresponding input to the computing devices. In some other
situations, a game ends for the computing device when the
player turns off the computing device or when the links to
other computing devices are broken due to a network failure
(e.g., a failure of a router through which the computing device
connects to the other devices in the network). When the
process determines (at 635) that the game has not ended, the
process loops through operations 620 and 625 in order to
continue exchanging game data with other computing devices
and to re-examine the audio-chat determination.

When the process elects to join or initiate an audio chat
session at 625, the process proceeds to 630 to select an initial
focus point computing device from among the various com-
puting devices that have elected to participate in the chat
session. This selection of an initial focus point computing
device is described in further detail below by reference to
FIG. 8.

Once the initial focus point computing device is selected,
the process determines (at 640) whether the first player’s
computing device is able to send audio data to the focus point
computing device (i.e., whether the computing device has a
direct link through which to send audio data to the focus point
computing device if the selected focus point is not the com-
puting device of the player). If the computing device of the
player is selected as the focus point computing device, the
computing device of the player is deemed able to send audio
data to itself.

When the process determines (at 640) that the computing
device cannot send audio data to the focus point computing
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device, the process transitions to 641 to continue exchanging
game data with the other computing devices through the mesh
network, until either the game ends or the focus point com-
puting devices drops out. The process determines (at 642)
whether the game has ended (i.e., because the players mutu-
ally agreed to end the game, the player using the computing
device performing the process chose to end participation in
the game, or the computing device’s connection to the other
devices has failed). If the game session ends at 642, the
process ends.

Otherwise, the process determines (at 643) whether the
focus point computing device has dropped out of the audio
chat session (i.e., because its user has quit the game, powered
off the device, or otherwise disconnected from the focus
network). In some embodiments, the initial focus point com-
puting device drops out of the audio chat but remains con-
nected through the mesh network. For example, the player
using the focus point computing device might opt out of the
chat session but continue to play the game via the established
mesh network. When the process determines that the focus
point has disconnected, the process transitions to 697,
described below. Otherwise, the process returns to 641 to
continue exchanging game data until either the game ends or
the focus point disconnects.

When only two players remain in the game, the process
transitions to 698, where it continues exchanging game data
with the last remaining player until the end of the game.
Between two computing devices, the focus network is no
longer necessary to conduct an audio chat because there is no
need for a central distributor of audio signals. The two players
can continue the chat by sending audio signals to each other
through the mesh network in some embodiments. However,
when the process determines (at 697) that three or more
players still remain in the game, it transitions to 630 to per-
form a new focus point determination.

When the process determines (at 640) that it can send audio
data to the focus point, the process determines (at 645)
whether the player’s computing device is the focus point
computing device. When the computing device is not the
focus point computing device, the process proceeds to 675
which will be described below.

When the computing device is designated as the focus
point computing device, the process collects (at 650) audio
signals from the non-focus computing devices through the
focus network. The process then (at 655) generates and trans-
mits mixed audio data to each non-focus point computing
device through the focus network. The operation of receiving,
mixing and transmitting audio data is described above in
detail by reference to FIGS. 3-4.

The process also plays (at 660) the mixed audio data that it
generated with the local speaker or speakers of its computing
device. The process continues to exchange (at 665) game data
to the other computing devices through the mesh network.
The process then determines (at 670) whether the game has
ended. When the game has not ended, the process returns to
650 to continue to collect audio data from non-focus comput-
ing devices.

When the process determines (at 645) that its computing
device is not the focus point computing device, the process
sends (at 675) the computing device’s audio data to the focus
point computing device. The process then receives (at 680)
mixed audio data from the focus point computing device. The
process then plays (at 685) the mixed audio data at the first
player’s computing device with a local speaker or speakers.
The process continues to send (at 690) game data to each of
the other computing devices through the mesh network. The
process then determines (at 695) whether the game has ended.
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When it determines (at 695) that the game has not yet
ended, the process determines (at 696) whether the focus
point computing device has dropped out of the audio chat
session (i.e., because its user has quit the game, powered off
the device, or otherwise disconnected from the focus net-
work). In some embodiments, the initial focus point comput-
ing device drops out of the audio chat but remains connected
through the mesh network. For example, the player using the
focus point computing device might opt out of the chat ses-
sion but continue to play the game via the established mesh
network.

When the process determines (at 696) that the focus point
computing device has not dropped out of the audio chat, the
process loops through 675-695 to continue in its current state.
Otherwise, the process determines (at 697) whether there are
less than three computing devices remaining in the chat.
When there are three or more computing devices remaining in
the chat, the process returns to 630, where, as mentioned
above, it identifies a new focus point computing device with
the other remaining computing devices. However, when there
are less than three non-focus computing devices that remain
in the chat, the process proceeds to 698 to continue the game
and audio chat through the mesh network until the game ends.

Having described a process that some players of a game
perform to simultaneously play the game and participate in an
audio chat session with other players, more details regarding
setting up and conducting an audio chat through a focus
network will now be described in Section B below.

B. Setting Up Focus Point Network

1. Single Audio Chat

FIGS. 7-8 conceptually illustrate a process of some
embodiments that is used by several computing devices to
identify one of the computing devices as a focus point device
for exchanging participant audio data during a game session.
In some embodiments, this process performs the focus-point
determination operation 630 of FIG. 6. This process is per-
formed as two processes, a first process 700 of FIG. 7 that is
performed by a computing device of a first player that initiates
the audio chat session, and a second process 800 of FIG. 8 that
is performed by each computing device to process beacons
that are sent by other computing devices during the focus-
point determination operation.

The two processes 700 and 800 will be described below by
reference to FIGS. 9-12; which illustrate one example of
identifying a focus-point computing device in a game session
that is conducted over a mesh network 900. In the example
illustrated in FIGS. 9-12, the mesh network 900 involves six
players A-F that are playing a game together using their
computing devices 910-930. As shown in FIG. 9, game data
935 is transmitted among the computing devices 910-930
across mesh-network links, which are depicted as thin curved
lines connecting the computing devices. In this example, two
of'the computing devices 905 and 910 of two of the players A
and B are directly connected to all of the other computing
devices in the mesh network 900, while the rest of the other
computing devices 915-930 of the players C-F are not directly
connected to all other computing device in the mesh network
900. However, as described above, the computing devices
915-930 are still able to exchange game data with those
computing devices to which they are not directly connected,
through the mesh network 900.

As mentioned above, FIG. 7 conceptually illustrates the
process 700 performed by a computing device of a first player
to set up an audio chat session with computing devices of
other players. In this example, the players have already
started to play a multiplayer game through a mesh network
using their computing devices. The process 700 provides
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more details of the operation 630 performed by the process
600 (which was described above by reference to FIG. 6) when
the focus point determination is made. The process 700 is
performed by one or more software applications that are
executing on the computing device of the first player. In some
embodiments, the process 700 starts when the first player
directs his computing device to initiate an audio session with
other computing devices participating in the game.

As shown in FIG. 7, the process 700 initially sends (at 705)
a beacon to each computing device that the first player’s
computing device can directly reach through the mesh net-
work. This beacon is an indication to the other computing
devices that a player wishes to initiate an audio chat session.
A beacon in some embodiments is the sender’s invitation to
the receiver to attempt to establish a link with the sender. A
beacon in some embodiments includes data generated by the
computing device that sends the beacon. In some embodi-
ments, this data is stored in the storage of the computing
device (e.g., volatile storage such as RAM or non-volatile
storage such as a hard disk or a solid-state drive) before being
sent to another computing device or when received from
another computing device. In some embodiments, the data
within a beacon includes data relating to the focus point
capabilities of the device that is sending the beacon.
Examples of such focus point capability data that are pro-
vided in some embodiments are described further below.

For the mesh example illustrated in FIGS. 9-12, FIG. 10
illustrates the stage where one player initiates the focus point
determination by sending a beacon to each of the other com-
puting devices in the game. In this example, the computing
device 910 of player B sends out its beacon to each of the
other computing devices in the mesh network 900, as the
device 910 has a direct connection link to each other device in
the mesh network. As shown in FIG. 10, the beacon is sent out
through the same mesh network links (depicted as thin curved
lines) that are used to exchange game data between the com-
puting devices. FIG. 10 also depicts thick curves lines, which
represents secondary link connection attempts that the bea-
con-receiving computing devices make in some embodi-
ments. Such secondary link connection attempts will be fur-
ther described below by reference to FIG. 8.

Once the process 700 sends (at 605) a beacon to all com-
puting devices that have a direct mesh-network link to the first
player’s computing device (e.g., to the device 910), the pro-
cess processes (at 710) the beacons received from the other
computing devices in the mesh network in response to the
beacons sent at 705. The processing of these beacons allows
the computing device of the first player to identify, with the
other computing devices, one of the computing devices as the
focus point computing device for the chat session.

In some embodiments, the first player’s device processes
received beacons in the same manner as every other device
processes such beacons. Accordingly, the first player’s pro-
cessing of the received beacons will be described by reference
to FIG. 8, which describes a process 800 performed by any
computing device in order to process beacons that are
received to set up an audio chat during a game.

The process 800 starts in some embodiments when one of
the computing devices receives a beacon related to the set up
of an audio chat during a game. As shown in FIG. 8, the
process 800 initially selects (at 805) a beacon from another
computing device received through the mesh network. In
some cases, this beacon is received from a computing device
that initiated the audio chat. In other cases, the beacon is
received from another computing device that received a bea-
con from the initiating computing device or from another
computing device. That is, the beacon received by a comput-
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ing device is not necessarily a chat-initiating beacon. Also,
when a computing device selects (at 805) a beacon, the com-
puting device might still be receiving additional beacons from
other computing devices. In other words, a computing device
starts its process 800 in some embodiments before it has
received all beacons from all computing devices.

Once the process 800 selects a beacon that it has previously
received, the process attempts (at 810) to establish a link with
the sender of the beacon. In some embodiments, this link is
distinct and separate from the links that make up the mesh
network. FIG. 10 illustrates examples of such secondary link
attempts in the focus-point determination example presented
in FIGS. 9-12. As mentioned above, FIG. 10 pictorially illus-
trates the sending out an initial round of beacons by a first
player’s computing device 910 to five other computing
devices 905 and 915-930.

When each of the computing devices 905 and 915-930
receives the beacon from the computing device 910, it
attempts to establish a secondary link with the computing
device 910. In FIG. 10, each thick line depicts an attempt by
each of the computing devices 905 and 915-930 to establish a
secondary link with the computing device 910, in addition to
any link already connecting the two computing devices. The
secondary link is to transmit audio data once a focus point
network is established. If one of the two computing devices
connected by this secondary link becomes a focus point com-
puting device of the focus point network, the link will become
a part of the focus network. In some embodiments, these links
are established in a similar manner as the links in the mesh
network 205 described above by reference to FIG. 2.

Even though FIG. 10 illustrates an example of attempted
secondary-link connection in response to beacons that are
sent out by the computing device 910 that initiates the audio
chat session, such attempted connections can also be in
response to beacons that are sent by the processes 800 of the
other computing devices once the focus-point determination
operation 630 has been initiated.

Also, in the embodiments described above and below, the
process 800 attempts (at 810) to establish a secondary link
with the sender of the selected beacon. The attempt to estab-
lish a secondary link at 810 will either be successful or not
successful. Accordingly, after its attempt at 810, the process
800 updates a record that it maintains to indicate whether its
attempt (at 810) was successful or not. In some embodiments,
this record includes a connectivity score that relates to the
number of computing devices with which the device that
executes process 800 can have a secondary link. In some
cases, the connectivity score is the number of secondary links
(separate and distinct from the links that make up the mesh
network) that the computing device can establish with the
other computing devices. In such embodiments, the process
updates the score by incrementing by one if the attempt to
establish the secondary link was successtul. Other embodi-
ments aggregate the connectivity score differently (e.g., by
multiplying the number of secondary connections with
another value, etc.).

The manner of generating the connectivity score is not as
important as the fact that each particular computing device’s
process 810 aggregates (e.g., sums) the results of its success-
ful attempts to establish secondary links with computing
devices that send it beacons during the focus-point determi-
nation operation. Such an aggregate score specifies the mea-
sure of the particular device’s computing device as the focus
point computer. This is because each computing device in a
mesh network sends its beacon to each of the other computing
devices during the focus-point determination, and because

10

15

20

25

30

40

45

55

60

65

22

each computing device attempts to establish a secondary link
with each computing device that sends it a beacon.

The record that is updated at 815 also contains capability
information relating to the focus point capabilities of the
computer device. The capability information in some other
embodiments includes the device type of the computing
device, the NAT type of the router the computing device is
behind, and the quality of the links. These all relate to how
well the computing device can handle the data it would
receive as a focus point computing device from non-comput-
ing devices.

A device type indicates the kind of computing device (e.g.
media player, smart phone, personal computer, etc). The
device type may also include information such as the speed of
the computing device’s CPU, how much memory the com-
puting device has, etc. Thus, the device type relates to the
processing capacity of the computing device.

The NAT type indicates the type of NAT router the com-
puting device is behind. As described above in Section I, a
number of connections a computing device can make may
depend on the type of the NAT router that the computing
device is behind.

The quality of the links in some embodiments indicates
how good each link is that the computing device establishes
with another computer (e.g., the bandwidth that each link the
computing devices establishes has, bit error rate of each link,
etc). A bit error rate in some cases is calculated by dividing the
number of received binary bits that had been altered due to
noise and interference inherent to a link by the total number of
bits transmitted through the link during a time interval. Such
capability information is stored in a storage of the computing
device in some embodiments (e.g., volatile storage such as
RAM or non-volatile storage such as a hard disk or a solid-
state drive).

In some embodiments, the connectivity score that the pro-
cess 800 updates at 815 is a metric score that is computed
based on (1) the number of successful secondary link connec-
tions, and (2) one or more scores related to one or more pieces
of data that quantify the connectivity capability information
of the device.

After updating its connectivity records at 815, the process
determines (at 820) whether the computing device has previ-
ously sent its beacon to the sender. This operation is per-
formed to prevent the computing device from sending another
invitation to the sender if the sender has already attempted to
establish a secondary link with the computing device. In order
to find out whether a beacon was sent to the sender, the
process keeps a list of computing devices and flags that indi-
cate whether the computing device of the first player has sent
a beacon to each of the computing devices. The list may be
stored in the storage of the computing device.

When the process determines (at 820) that the computing
device has not previously sent its beacon to the sender, the
process sends (at 825) its beacon to the sender to invite the
sender to attempt to establish a secondary link between the
sender and the computing device of the first player. From 825,
the process transitions to 830. The process also transitions
from 820 to 830 when it determines (at 820) that it has
previously sent a beacon to the sender of the beacon it previ-
ously selected at 805.

At 830, the process determines whether the process has
processed all beacons that it needs to send to other computing
devices and all beacons it has received from the other com-
puting devices in the mesh network. This operation is per-
formed by the process because it is necessary to send all
beacons and to process each received beacon in order to
correctly assess the computing device’s capability as a focus
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point computing device. For example, in those embodiments
where the process keeps and updates the connectivity score of
the computing device, the highest possible connectivity score
of the computing device can be obtained only after it pro-
cesses all beacons that it has received. In some embodiments,
the process determines that it no longer has to wait to receive
a beacon from another device when it receives the connectiv-
ity score of the other device, as further described below.

When the process determines (at 830) that it has processed
all beacons and knows the capability information of the com-
puting devices of the first player, the process then proceeds to
835 which will be described below. Otherwise, the process
determines (at 845) whether there is a computing device to
which the process has not sent a beacon. When the process
determines (at 845) that there is such a computing device in
the mesh network, the process returns to 825 to send a beacon
to that computing device.

Otherwise, the process determines (at 845) whether there
are any additional received beacons that it has not yet pro-
cessed. If so, the process returns to 805 to select another
unprocessed beacon for processing and to repeat operations
810-830. When the process determines (at 845) that it does
not have any unprocessed received beacons at this time, it
returns to 830, to determine whether it has processed all
beacons.

When the process determines (at 830) that it has processed
the sending of'all beacons and processed all received beacons,
process 800 then sends (at 835) the record containing the
connectivity score and the connectivity capability informa-
tion of the computing device on which the process executes to
all other computing devices in the mesh network. The process
also receives (at 835) records from the other computing
devices. At this point, the process is able to determine which
computing device in the mesh network is most capable as a
focus point computing device by analyzing and comparing
the capability information of all the computing devices in the
network. As such, the process proceeds to 840 to designate
one of the computing devices in the mesh network as a focus
point computing device. In some embodiments, the process
800 is performed simultaneously (or nearly simultaneously)
by each of the devices in the mesh network. In these embodi-
ments, each device in the mesh network would designate the
same computing device as a focus point computing device
since each device has the capability information of the other
computing devices.

Insome embodiments, a computing device with the highest
connectivity score is designated as a focus point computing
device. However, the connectivity score of a computing
device in some embodiments is adjusted based on other capa-
bility information. For example, the connectivity score will
be reduced by a certain number if the computing device’s
CPU cannot handle all of the links effectively without affect-
ing the performance of the game application running for the
computing device.

In some cases, there may be multiple computing devices
with the same highest connectivity score. In such cases, each
computing device in some embodiments has a tie-breaking
solution to designate a focus point computing device among
these computing devises. An example of such a tie-breaking
solution is to select a computing device of a player who is
placed ahead of the other players in the list of compatible
players received from the matchmaking server in the opera-
tion 605 of the process 600 described by reference to FIG. 6.

FIGS. 11-12 illustrate an example of the connection scores
and the focus-point designation that results from such scores
for the focus-point determination example presented in FIGS.
9-12. FIG. 11 illustrates the computing devices 905-930 after
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each of these computing devices has attempted to establish a
secondary link with each of the other computing devices with
which the device has direct links. FIG. 11 also shows thick
straight lines and numbers placed by the thick lines. Each of
the thick lines depicts a secondary link that each computing
device in the mesh network 900 can establish with another
computing device in the network. Again, these secondary
links are separate and distinct from the links that make up the
mesh network 900 depicted as thin lines in FIG. 11.

The numbers placed at each end of a thick line are index
numbers. Theses index numbers indicate how many such
secondary links a computing device illustrated near the num-
bers has been able to establish (i.e., a connectivity score of the
computing device in some embodiments). For instance, the
numbers A1-AS5 shown near the computing device 905 of
player A indicate that the computing device 905 was able to
establish links with each of the other five computing devices
910-930. Thus, the connectivity score of the computing
device 905 is a five. Likewise, the connectivity score of the
computing device 910 of player B is also a five. The comput-
ing devices 915-930 of players C-F each have a connectivity
score of three. No secondary link can be established between
the computing devices 920 and 925 because at least one of the
two computing devices was unable to establish a secondary
link to the other computing device due to, for instance, the
limitations imposed by a NAT router through which the com-
puting device establishes links with the other devices.

Once each computing device in the mesh network 900 has
determined its highest possible connectivity score, it sends its
record containing the connectivity score to each of the other
computing devices in the mesh network 900. Each computing
device is then able to designate a computing device that has
the highest connectivity score among the computing devices
in the mesh network 900 as a focus point computing device.
As shown in FI1G. 11, the computing devices 905 and 910 each
have the highest number. Because there are two computing
devices with the highest connectivity score, a tie-breaking
solution of some embodiments is applied as mentioned
above, and the computing device 905 is designated as a focus
point computing device. The other computing devices 910-
9430 become non-focus computing devices. Once the focus
point computing device is designated, the audio chat session
can start.

FIG. 12 illustrates a focus point network 1200 that is estab-
lished to conduct the audio chat session among the computing
devices 905-930, which are exchanging game data along the
mesh network 900. FIG. 12 also illustrates hollow lines and
audio signals 1205 and 1210. Each of the hollow lines depicts
alink that each non-focus point computing device establishes
with the focus point computing device 905. These links and
the computing devices connected by these links make up the
focus point network 1200. The operation of the focus point
network 1200 is similar to the operation of the focus point
network 305 described above by reference to FIG. 3. As
shown in FIG. 12, both game data and audio data are simul-
taneously distributed between the computing devices 905-
930 through the two networks 900 and 1200.

2. Multiple Audio Chats

While the processes 600, 700, and 800 described so far are
performed to set up a single chat session among all of the
computing devices in the mesh network, the processes can
also be performed to set up multiple chat sessions among
subsets of the computing devices or to set up a single session
among a subset of the computing devices in some embodi-
ments. Several of such embodiments are now described
below.
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Such embodiments can be implemented by including more
information in the record of a computing device. In some
embodiments, the record sent (at 835) by the process 800 to
each of the other computing devices in the mesh network
contains interests information related to the player’s interests
in joining the chat. In these embodiments, before designating
a focus point computing device based on records containing
capability information, the process 800 also checks whether
each of the computing devices is interested in joining the
initiated chat session. Only those computing devices that are
interested in joining the chat session will be considered as a
possible focus point computing device. If the computing
device of the first player is not interested in joining the chat
session, the process would not perform the designation opera-
tion.

Similarly, beacons exchanged by the computing devices
may include the interests information in some embodiments.
The process 800 in these embodiments then would be able to
determine which of the computing devices are interested in
the chat session and designate a focus point device among the
interested computing devices.

Once a focus point computing device is designated, if the
first computing device is a non-focus point computing device,
the process 600 would send the first computing device’s audio
data to the focus point computing device only if the first
computing device is interested in joining the chat. If the first
computing device is a focus point computing device, the
process would not send the mixed audio signal to those com-
puting devices that are not interested in joining the chat. As
such, only the computing devices interested in the chat ses-
sion will exchange audio signals between them. Therefore,
only a subset of the computing devices in the mesh network
can participate in the audio chat session.

In other embodiments, records and beacons sent to or
received from the other computing devices also have session
identification information for a particular chat session so that
a chat session can be identified by the information. These
interests information and session identification information
enable the computing devices to have multiple chat sessions
established and conducted at the same time. The computing
devices can initiate multiple chat sessions by sending out
beacons with different identification information (e.g., “Red
Team” and “Blue Team™). Only those computing devices
which indicate interests in a particular chat session (e.g. “Red
Team”) would be able to join the chat session. Multiple chat
sessions can be useful for such a game where players can team
up against one another and want their chat or conversation to
be kept within the respective teams.

A chat session in some embodiments can be kept private
within certain subset of the computing devices in the mesh
network by sending beacons only to those computing devices
in the subset. In such embodiments, the other computing
devices would not get the beacons for that audio chat session.
As such, the chat session can be conducted only through the
computing devices in the subset without notifying the other
computing devices that such chat is being set up and to be
conducted. Also, in these embodiments, a public audio chat,
which every player in the mesh network can participate in,
can be created by sending beacons for the public audio chat to
each computing device in the mesh network.

While multiple chat sessions can be conducted among
computing devices in a mesh network, examples or embodi-
ments in the rest of this application will be described under
the assumption that a single chat session is set up and con-
ducted.

Having described how the initial focus point computing
device 905 can be designated and how an audio chat can be
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facilitated through the focus network 900, subsection C will
now describe the designation of a new focus point and con-
tinuation of the audio chat when the focus point computing
device 905 drops out of the focus point network.

C. Dynamic Focus Point Designation

As described above, some embodiments can continue an
audio chat session conducted by multiple computing devices
of multiple participants through a focus point network even
after a computing device that has been acting as the focus
point computing device drops out of the focus network. In
these embodiments, one of the other computing devices is
designated as a new focus point computing device and the
chat can continue through the focus point network among the
computing devices that have not dropped out. An example of
designating a new focus point and continuing the chat session
will now be described below by reference to FIGS. 13-14.

FIG. 13 illustrates a mesh network 1300 after the comput-
ing device 905, which previously was acting as the focus
point computing device of the focus point network 1200,
disconnects from both the mesh network 900 and the focus
point network 1200. The mesh network 1300 is the mesh
network 900 without the computing device 905 and the links
that connected the computing device 905 to the other com-
puting devices in the network 900. FIG. 13 also illustrates the
same computing devices 905-930 of players A-F described
above by reference to FIG. 12. The computing device 905 is
depicted as a dotted box to signify that it has dropped out of
the networks. The links between the computing device 905
and the other computing devices 910-930 have disappeared as
the computing device 905 dropped out of the networks and
thus these links are not shown in FIG. 13.

In some cases, as shown, the focus point computing device
drops out of both networks. A computing device may drop out
of'both networks if its user (i.e., player A) has powered off the
device or chosen to leave the game, or ifthe NAT router which
the device is behind has failed for some reason, thereby break-
ing all of the links that connect the computing device to other
computing devices. In other cases, a focus point computing
device may disconnect only from the focus point network
while remaining in the mesh network because, for example,
the player at the focus point computing device opts out of the
chat session while continuing to participate in the game. In
either situation, the remaining computing devices 910-930
are connected by the links of the mesh network 1300,
depicted as thin lines, and continue to exchange the game data
(not shown for simplicity).

FIG. 13 also illustrates index numbers placed near each
computing device. The index numbers indicate the connec-
tivity score of a computing device according to some embodi-
ments. The shown connectivity scores, as described above by
reference to FI1G. 11, indicate the number of connections each
remaining device is able to establish with the other remaining
devices. The connectivity score for device 910 of player B is
four, as device 910 is able to connect with each of the other
remaining devices. Each of the other four computing devices
915-930 of the other four players C-F has a connectivity score
of two.

When the computing device 905 disconnects from the
mesh and focus point networks 900 and 1200, the computing
devices 910-930 detect the disconnection in a number of
different ways. In some embodiments, the computing devices
910-930 detect this loss of the focus point device by recog-
nizing that the links through which audio signals are
exchanged between themselves and the focus point comput-
ing device 905 have disappeared. Similarly, the computing
devices 910-930 can detect the disconnection in some
embodiments by recognizing the disappearance of the direct
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links though which the game data were exchanged between
themselves and the computing device 905.

With the focus point network 900 gone, the audio chat is
temporarily disabled. However, the computing devices 910-
930 quickly determine which of the remaining computing
devices is most capable as a new focus point computing
device by analyzing and comparing the capability informa-
tion of all the computing devices in the network. In some
embodiments, the capability information is contained in the
records the computing devices had exchanged in order to set
up the original focus point network. In other embodiments,
each computing device updates its record after the focus point
computing device 905 disconnects, by exchanging beacons
through the mesh network 1300 and attempting to establish
secondary links. Each computing device in such embodi-
ments then exchanges its record with each of the other com-
puting devices remaining in the mesh network 1300. The
detection of the disconnection of the initial focus point com-
puting device 905 and designation of the new focus point
computing device 910 takes a short period of time (in some
embodiments, usually less than a half second). In some
embodiments, the new focus point network is set up quickly
enough that the users do not even notice an effect on the audio
chat.

Insome embodiments, a computing device with the highest
connectivity score is designated as a focus point computing
device. As shown, the computing device 910 of player B has
the highest connectivity score and would be designated as a
new focus pointing computing device in these embodiments.
Once the new focus computing device is designated, the audio
chat can resume among the computing devices 910-930.

FIG. 14 illustrates the operation of the new focus point
computing device 910 in a focus point network 1400. F1G. 14
illustrates the same mesh network 1300 and the same com-
puting devices 910-930 of players B-F described above by
reference to FIG. 13. FIG. 14 also shows additional links
depicted as hollow lines. Each of these links connects one of
the non-focus point computing devices 915-930 to the focus
point computing device 910, making up the new focus point
network 1400. Both game data and audio data are simulta-
neously exchanged between the computing devices 910-930
through the two networks 1300 and 1400. The operation of
the focus point network 1400 is similar to the operation of the
focus point network 305 as described above by reference to
FIG. 3.

As described above, some embodiments exchange beacons
and update records among computing devices in a mesh net-
work when a focus point computing device needs to be des-
ignated in order to create a focus point network, whether an
initial focus point network at the initiation of a chat session or
anew focus point network when a focus point has dropped out
of the network. However, some embodiments may exchange
beacons and updated records among the computing devices
throughout the chat session. For example, exchange of bea-
cons and updated records may take place periodically at regu-
lar intervals. In some such embodiments, each computing
device assesses its focus point capabilities periodically and
informs other computing devices of'its latest capability infor-
mation at the regular intervals.

In other embodiments, a computing device may update its
record whenever its focus point capabilities change. Such
changes may include a drop in the quality of the links estab-
lished with other computing devices. In such a situation, the
computing device with modified capabilities might send its
record or a beacon containing the updated capability infor-
mation to the other computing devices so that the other com-
puting devices will have the most up to date focus point
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capabilities for the computing device. In some embodiments,
this triggers a round of beacon exchange in order that all of the
devices update their focus point capabilities. In some embodi-
ments, when a computing device receives many beacons or
records from other computing devices in a short period of
time, the computing device may wait for a period of time
before it sends out its beacon or record in response. By wait-
ing, the computing device may reduce the number of beacons
or records that are sent out by other computing devices in
response to receiving its beacon or record.

Having described how the exchange of game data and
related audio chat data can continue through new mesh and
focus point networks after a previous focus point computing
device drops out of one or both networks, subsection D will
now describe a situation in which one of the computing
devices is unable to join an audio chat because it fails to
establish a link to transmit audio data to a designated focus
point computing device.

D. Unable to Send Audio Data Through Focus Network

As described above, some embodiments of the invention
utilize mesh and focus point networks to simultaneously
transmit game data and audio data among multiple computing
devices participating in both a game and an audio chat ses-
sion. In certain cases, a computing device is unable to estab-
lish a link with the focus point device to transmit audio data
and receive processed audio data. In some embodiments, the
computing device in such cases will be unable to join the
focus point network and therefore unable to participate in the
chat session. The computing device will still be able to par-
ticipate in the game (through the mesh network) and, in case
the focus point drops out, the designation of a new focus
point. An example of a network in which a computing device
is unable to participate in an audio chat will now be described
below by reference to FIGS. 15-17.

FIG. 15 illustrates a first stage in the setting up of a focus
point network through which to conduct an audio chat among
computing devices 1505-1525 of five players A-E. This stage
in setting up a focus point network is similar to the stage
described above by reference to FIG. 10. Computing devices
1505-1525 of players A-E are exchanging game data (not
shown for simplicity) through the mesh network 1500, and
the computing device 1505 has sent its beacon (beacon A) to
each of the other computing devices through the mesh net-
work 1500.

FIG. 15 illustrates the mesh network links as thin lines
connecting the computing devices and attempts to establish
secondary links depicted as thick lines pointing to computing
device 1505. As shown in FIG. 15, each of the computing
devices 1510-1525 receives beacon A from the computing
device 1505 and attempts to establish a secondary link with
the computing device 1505. Each computing device then
updates its record to indicate with which other computing
devices it successfully established secondary links, as well as
any modifications to its other capability information (e.g.,
device type, connection quality, etc.). In addition to being
used to designate a focus point, in some embodiments a
particular device will use its record when designated as the
focus point to determine which of the other devices will be
sending audio to the particular device and will be expecting to
receive audio from the particular device.

As shown in FIG. 15, the computing device 1515 of player
C has failed to establish a secondary link with the computing
device 1505. This could be due to a number of different
reasons. For instance, a NAT router that the device 1515 is
located behind may impose limitations (e.g., a maximum
number of links) that prevent the computing device 1515 from
establishing a link with computing device 1505. In some
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embodiments, computing device 1515 updates its record to
indicate that a link could not be established with computing
device 1505. As described above with respect to FIGS. 7 and
8, each computing device sends its beacon to each of the other
computing devices with which the device has direct links and
attempts to establish a secondary link with each of the other
computing devices from which it receives a beacon.

FIG. 16 illustrates the computing devices 1505-1525 after
each of these computing devices has attempted to establish a
secondary link with each of'the other computing devices with
which the device has direct links FIG. 16 also shows thick
straight lines and numbers placed by the thick lines. Each of
the thick lines depicts a secondary link that each computing
device in the mesh network can establish with another com-
puting device in the network. As noted above, these secondary
links are separate and distinct from the links that make up the
mesh network 1500.

The numbers placed at each end of a thick line are index
numbers that illustrate how many secondary links each com-
puting device is able to establish, as described above by
reference to FIG. 11. The four computing devices 1505, 1510,
1520, and 1525 each have a connectivity score of three, while
the device 1515 has a connectivity score of only two. As
described above by reference to FIG. 6, different embodi-
ments will use different tie-breaking solutions to designate
one of the four devices 1505, 1510, 1520, and 1520 as the
focus point computing device for the audio chat session. In
this case, computing device 1505 is designated as the focus
point computing device, and the devices 1510, 1520, and
1520 are non-focus computing devices. The computing
device 1515 will not be able to join the focus point network as
it is unable to establish a link with the focus point. Once the
focus point computing device is designated, the audio chat
session can start, using the links that form the focus point
network.

FIG. 17 illustrates a focus point network 1700 that con-
nects computing devices 1505, 1510, 1520, and 1525 (but not
1515) after the audio chat session starts. FIG. 17 also illus-
trates the same mesh network 1500 that connects computing
devices 1505-1520. FIG. 17 illustrates links of the focus point
network 1700 depicted as hollow straight lines and shows
audio data exchanged through these links. The operation of
the focus point network 1700 is similar to the operation of the
focus point network 305 described above by reference to FIG.
3.

As shown in FIG. 17, the computing device 1515 of player
B is not participating in the audio chat through the focus
network 1700 because of its inability to establish a secondary
link with the focus computing device 1505. Because its
record (and/or the record received from computing device
1515) will indicate that there is no secondary link established
between computing devices 1505 and 1515, the focus point
will not expect to receive audio data from the computing
device 1515.

Having described an example of a computing device which
cannot participate in an audio chat through a focus network,
subsection E will now describe an example in which the
excluded computing device can participate in the audio chat
by exchanging audio data with the focus point computing
device through the mesh network that connects the two com-
puting devices.

E. Relaying Audio Data Through Mesh Network

As described above, some embodiments of the invention
utilize a combination of mesh and focus point networks to
simultaneously transmit game data and audio data among
multiple computing devices participating in a game and an
audio chat session. In some embodiments, a computing
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device that is unable to join a focus point network for an audio
chat can nevertheless participate in the audio chat through the
mesh network that connects the computing device to the focus
point computing device. An example of such audio chat par-
ticipation through the mesh network will now be described by
reference to FIG. 18.

FIG. 18 illustrates the computing devices 1505-1525 con-
nected in mesh network 1800 (which is the same as mesh
network 1500 without a direct link between devices 1505 and
1515), and focus point network 1700 (excepting device 1515,
which is not part of focus point network 1700) as described
above by reference to FIG. 17. In addition, FIG. 18 illustrates
the flow of audio data. As shown, unprocessed audio data
1805 and 1835 is transmitted to the focus point computing
device 1505 and mixed audio data 1810 and 1840 is transmit-
ted from the focus point computing device. The audio data
1815 and the mixed audio data 1810 are exchanged between
the focus computing device 1505 and the non-focus comput-
ing devices 1510, 1520, and 1525. The audio data 1835 and
the mixed audio data 1840 are exchanged between the com-
puting device 1515 and the focus computing device 1505.

After the computing device 1505 is designated as a focus
point computing device of the focus network 1700, the non-
focus computing devices 1510, 1520, and 1525 exchange
audio data with the focus point computing device 1505 over
the focus point network 1700. However, the computing
device 1515 is unable to send its audio signal to the focus
point computing device 1505 through the focus point network
1700 because a secondary link for audio data exchange
between the two computing devices could not be established.

As shown in FIG. 18, in some embodiments the computing
device 1515 instead uses the mesh network 1800 to partici-
pate in the audio chat session. The computing device 1515
sends its audio signal 1835 to the focus point computing
device through one of the non-focus computing devices, in
this case through device 1520. The computing device 1515
sends audio data 1835 to device 1520 via the link 1815, which
is a link in the mesh network that these two devices also use
to exchange game data. The computing device 1520 then
relays the audio signal 1835 to the focus point computing
device over the mesh network 1800 through link 1820. The
opposite path is used to send mixed audio data 1840 from
device 1505 to device 1515 through device 1520.

One of ordinary skill will recognize that different paths
through the mesh network could be used to send audio data to
the focus point computing device 1505 from the computing
device 1515 that is not part of the focus point network. For
instance, the audio data could be routed through computing
device 1510 rather than computing device 1520. In the mesh
network 1500 illustrated in FIG. 17, some embodiments will
use the direct link in the mesh network between the focus
point computing device 1505 and the computing device 1515.

Likewise, the mixed audio signal customized for comput-
ing device 1515 can take any path along the mesh network
1500 from the focus point computing device 1505 to the
computing device 1515. In some embodiments, the audio
1835 and the mixed audio 1840 will always be sent along the
same path, while other embodiments allow the two paths to be
different (e.g., routing the audio 1835 through device 1520
and the mixed audio through device 1510).

Having described in the several subsections above the
setup of a focus network for exchanging audio data between
computing devices, subsection F will now describe optimiza-
tion of audio processing operations at the focus point in order
to save the resources of the computing device.
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F. Audio Processing Optimization

As described above in subsection 1.B.2, the audio process-
ing operations in a focus point network of some embodiments
are performed by focus and non-focus modules that execute
on each of the computing devices in the network. During a
multi-participant chat, a computing device uses its focus
point module when the device serves as the focus point of the
chat session. In this situation, the focus point module per-
forms focus point audio-processing operations.

As described above by reference to FIGS. 3-4, an audio
codec of a focus point module of some embodiments receives
audio signals from computing devices of participants in an
audio chat session. The audio codec generates a mixed signal
for each participant using the received signals. To generate
each of these signals, the audio codec performs a number of
operations including decoding, buffering, additional process-
ing, mixing, encoding, etc., as described above. Some of these
operations are especially costly, in that their performance
consumes substantial computational resources (e.g., CPU
cycles, memory, etc.) of the focus point computing device.

In some embodiments, audio processing performed by the
focus point module can be optimized in a manner that reduces
the amount of computational resources needed to process the
received audio signals. Some embodiments optimize the
audio processing by accounting for silent participants. In
some embodiments, a silent participant is either (i) a partici-
pant that is not presently speaking or otherwise making noise
or (ii) a participant whose audio is muted with respect to
another participant.

In some embodiments, an audio codec of a focus point
module improves the performance of the focus point module
by selectively bypassing some or all of the operations that
would have been performed to generate mixed audio signals.
In some situations, the codec sends an audio signal from a first
participant to a second participant without processing or mix-
ing the audio signal. In other situations, the codec sends a
single mixed audio signal to multiple participants.

When generating a mixed signal customized for a particu-
lar participant, an audio codec of a focus point computing
device considers three factors in some embodiments: (1)
whether to include the particular participant’s own audio in
the mixed signal, (2) whether the particular participant has
muted any of the other participants’ audio, and (3) whether a
participant whose audio signal is to be included in the mixed
signal is speaking or not. Some embodiments do not include
aparticular participant’s own audio signal in the mixed audio
signal for the particular participant. When a first participant
has muted a second participant’s audio, the second partici-
pant’s audio is not included by some embodiments in the
mixed audio signal for the first participant. When a particular
participant’s audio signal is silent, some embodiments do not
include the particular participant’s audio signal in any of the
mixed audio signals.

FIGS. 19-21 illustrate an example of an audio codec of a
focus point module that selectively bypasses some of the
customized audio generation operations by taking into
account the above three factors when generating customized
mixed signals for participants in an audio chat session. As
shown in FIGS. 19-21, the audio codec 1900 includes decod-
ers 1910, intermediate buffers 1920, audio mixers 1930,
encoders 1935, an audio processing unit 1940, and a local
capture module 1915, that operate in the same manner as the
corresponding features of the audio codec described above in
subsection B by reference to FIG. 4. In addition, FIGS. 19-21
illustrate audio signal assessor 1955, transmit buffers 1960
and incoming audio signals 1905 from the participants A, B,
C, and D. Participant A is using the focus point device on
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which the focus point module executes, and participants B, C,
and D are at non-focus point devices. As compared to FIG. 4,
FIGS. 19-21 illustrate some of the data lines that depict audio
data flow as crossed out to indicate that no data or samples are
passed along those paths in the particular situations illustrated
in these figures.

The audio signal assessor 1955 of some embodiments
receives three or more audio signals 1905 containing digital
audio samples from the audio capture module 1915 and two
ormore non-focus point modules of the non-focus computing
devices. The audio signal assessor 1955 then assesses each
received audio signal to determine whether the participant
using the non-focus computing device from which the audio
signal is received is speaking or not.

The audio signal assessor 1955 in some embodiments can
employ one or more solutions to determine whether the par-
ticular participant was speaking at the moment when the
incoming audio signal was captured. For example, the audio
signal assessor 1955 may examine the size of the audio data
packets received from a participant’s computing device.
When the participant is not speaking, the computing device of
the participant will send a stream of small audio data packets
to the focus point module. On the other hand, the computing
device of a speaking participant will send a stream of larger
audio data packets to the focus point module.

In some embodiments, the audio signal assessor 1955 also
receives metadata that carries information from the partici-
pants’ computing devices. One example of such metadata is
muting instructions. When a first participant does not wish to
receive audio of a second participant, the first participant may
specify (e.g., via user interface interaction with his computing
device) to have the second participant’s audio muted. In some
embodiments, the first participant’s computing device sends
metadata along with the audio data packets that identifies that
the first participant wishes to mute the second participant’s
audio. The audio signal assessor uses this information to
determine which incoming audio signals to exclude from
particular mixed audio signals. In the example described in
this paragraph, the second participant’s incoming audio will
be excluded from the mixed audio sent to the first participant.

After assessing the received audio signals and any meta-
data (i.e., muting instructions) that were received with the
signals, the audio signal assessor 1955 of some embodiments
determines, for each participant, which audio signals should
be in the mixed audio signal that will be sent to the participant
based on the three factors described above. As noted above, in
some cases a participant will be sent an incoming audio signal
that is not mixed with any other signals. Some participants
may receive a unique mixed audio signal, while in some cases
two or more participants will receive the same mixed audio
signal. In the latter case, the audio signal assessor 1955 speci-
fies that separate mixed audio signals should not be generated
for the multiple devices that are receiving the same mixed
audio.

The audio signal assessor 1955 then sends the received
signals to decoders 1910 and/or to transmit buffers 1910
directly based on its determinations as to what audio should
be sent to each of the non-focus computing devices. The audio
signal assessor 1955 sends areceived signal to its correspond-
ing decoder 1910 if it is necessary to decode the signal and/or
perform the rest of signal generating operations on the signal.
On the other hand, the audio signal assessor 1955 sends a
received signal directly to the corresponding transmit buffer
1960 if the signal does not have to be mixed with signals
received from other participants. The transmit buffers 1960
store encoded customized signals received from their corre-
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sponding encoders 1935, from the audio signal assessor 1955,
or from the local audio mixer 1930 until the signals are ready
to be sent to the participants.

The operation of the audio codec 1900 during specific
situations in a multi-participant audio chat will now be
described. FIG. 19 illustrates how the audio codec 1900 in
some embodiments operates when only one participant is
speaking among the multiple participants of a chat. As shown
in FIG. 19, out of the four participants A, B, C, and D in the
audio chat, non-focus participant B is the only participant
speaking when the incoming audio is captured. The audio
signals 1905 from non-focus participants C and D, and focus
point participant A are received at the audio signal assessor
1955 as small data packets because these three participants
are not speaking. On the other hand, the audio signal 1905
from participant B is received as larger data packets. In some
embodiments, the signal assessor 1955 determines that only
participant B is speaking by examining the sizes of the audio
data packets received from the participants.

Because participant B is the lone speaker in the chat ses-
sion, the audio signal 1905 received from participant B’s
computing device is the only signal that needs to be transmit-
ted to the participants in some embodiments. Therefore, the
audio signal from participant B is not mixed with any of the
other signals to generate customized mixed signals. Accord-
ingly, the audio signal assessor 1955 sends participant B’s
audio signal directly to a transmit buffer 1960 that stores the
audio signal to send out to non-focus participants C and D. No
audio signal need be sent to participant B, because participant
B does not need to receive his own audio.

For the participant A using the focus point computing
device, the audio signal assessor 1955 sends participant B’s
audio signal to decoder B so that the signal can be decoded.
The decoded signal is then sent directly to a transmit buffer
1960 that stores the signal to be sent to the local speaker or
speakers 1945. The local speaker or speakers 1945 then pro-
duce audio for participant A. Though the signal had to be
decoded for the participant A, the audio codec 1900 was still
able to bypass some of the signal generating operations (i.e.,
buffering, additional processing, and mixing) for participant
A.

While the audio signal from participant B is shown as being
sent directly to the transmit buffer for transmission to partici-
pants C and D without being decoded or encoded, in some
embodiments these operations must be performed even for an
unmixed signal. In some cases, the encoding used by partici-
pant B’s device cannot be decoded by participant C and/or D,
which rely on the audio codec 1900 of the focus point module
to decode and re-encode the audio. In such a situation, some
embodiments will send the audio signal 1905 to a correspond-
ing decoder 1910 and then directly to one or more encoders
1935 for encoding specific to the recipient device.

When participants other than B are also speaking, the audio
codec 1900 may not be able to bypass all of the signal gen-
erating operations. FIG. 20 illustrates the operation of the
audio codec 1900 when more than one, but not all of the
participants in the audio chat are speaking. As shown in FIG.
20, the non-focus participants B and C are speaking while the
focus point participant A and the non-focus participant D are
not speaking. The audio signals 1905 from participants A and
D are received at the audio signal assessor 1955 as small data
packets because these participants are not speaking. On the
other hand, the audio signals 1905 from participants B and C
are received as larger data packets. In some embodiments, the
signal assessor 1955 determines that only participants B and
C are speaking by examining the sizes of the audio data
packets received from the participants.
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In some embodiments, the audio codec 1900 does not
perform the customized audio signal generating operations
(i.e., decoding, mixing, encoding, etc.) on the audio signals
from the non-speaking participants A and D. Thus, the audio
signal assessor 1955 does not send the audio signals from
participants A and D to their corresponding decoders.

The speaking participant B only needs to receive the audio
ofparticipant C, while participant C only needs to receive the
audio of participant B. Accordingly, participant B’s audio
signal is sent directly from the signal assessor 1955 to the
transmit buffer for participant C, while participant C’s audio
signal is sent directly from the signal assessor 1955 to the
transmit buffer for participant B. Thus, in preparing the mixed
audio signals for participants B and C, the audio codec is able
to bypass all of the signal generation operations.

Each of the non-speaking participants A and D needs to
receive the audio of participants B and C. Because neither A
nor D is speaking, neither needs to receive any additional
audio signals (i.e., A does not need D’s signal and D does not
need A’s signal). As such, the audio signal assessor 1955
determines that the same mixed audio signal can be sent to
participants A and D. Thus, these signals are only sent into
audio mixer 1930 that corresponds to encoder D 1935 and not
both this mixer and the local audio mixer. The output of this
audio mixer is both (i) sent unencoded to the transmit buffer
for the local speaker or speakers 1945 and also (ii) sent to the
mixer’s corresponding encoder 1935, where the mixed signal
is encoded and sent to the transmit buffer 1960 for eventual
transmission to participant D.

As noted above, when a participant specifies that they wish
to not receive one or more of the other participants’ audio
signals, the participant’s device sends metadata to the focus
point along with their audio signal indicating these muting
instructions. FIG. 21 illustrates the operation of the audio
codec 1900 when some participants of the chat mute other
participants’ audio. As shown in FIG. 21, all four of the
participants are speaking, but participants B and C have
muted each other while participant D has muted participant A.
These muting instructions are received at the audio signal
assessor 1955 along with the audio packets from the four
devices. The audio signal assessor 1955 processes these mute
instructions to determine which received audio signals should
be included in the various different mixed signals.

Based on the mute instructions, the audio signal assessor
1955 determines that participant A needs to receive the audio
of participants B, C, and D, participant B needs to receive the
audio of participants A and D, participant C needs to receive
the audio of participants A and D, and participant D needs to
receive the audio of participants B and C. Thus, the audio
codec 1900 generates a mixed audio signal with the audio of
participants A and D (in FIG. 21 using the audio mixer and
encoder corresponding to participant B) and stores this mixed
audio signal in a transmit butfer to send to both participants B
and C. The audio codec 1900 also generates a mixed audio
signal with the audio of participants B and C and stores this in
a transmit buffer to send to participant D. Lastly, as partici-
pant A (at the focus point device) has not muted any of the
other participants, the audio codec 1900 generates a mixed
audio signal with the audio of participants B, C, and D that is
stored in a transmit buffer to be played by the local speaker or
speakers 1945. Processing resources are saved in this situa-
tion by not generating a separate mixed signal for participant
C and by eliminating the muted signals from the mixes.

By selectively bypassing some or all of signal generating
operations that are performed in generating a customized
signal for a particular participant, the audio codec 1900 of
some embodiments described above saves the focus comput-
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ing device’s computing resources. Because the amount of
computing resources (e.g. CPU cycles or local memory) that
the focus point computing device spends to produce the
mixed signals is proportional to the amount of audio data it
has to process and generate, the selective bypassing can save
significant computing resources in some situations. These
saved resources may be used for other performance-sensitive
applications, such as the multiplayer game application that is
running on the focus point computing device.

FIG. 22 conceptually illustrates a process 2200 of some
embodiments performed by a focus point computing device
to optimize the audio processing of a focus point module. The
focus point network in these embodiments is used to conduct
an audio chat among at least three computing devices of the
participants of the chat. In some embodiments, the process
2200 is performed by an audio signal assessor of an audio
codec (e.g., audio codec 1955 in FIG. 19) of the focus point
module. In some embodiments, the process 2200 starts after
the focus point network is formed through the computing
devices of the participants of the chat. In some embodiments,
process 2200 runs at regular intervals (e.g., 25 times per
second, 10 times per second, etc.) in order to continuously
optimize the audio processing.

As shown in FIG. 22, the process begins by receiving (at
2205) audio streams from the participants’ computing
devices. In some embodiments, the audio streams from non-
focus participants are sent from the non-focus modules of the
non-focus computing devices. The process receives the focus
participant’s audio stream directly from the focus computing
device. As described above, each audio stream is a stream of
audio data packets in some embodiments.

The process also receives (at 2205) audio metadata from
the participant’s computing devices. As described above,
audio metadata may include muting instructions in some
embodiments. This metadata is generated by a first partici-
pant’s computing device upon receiving the first participant’s
inputs. Such inputs might include, for example, the first par-
ticipant’s selection of participant(s) whose audio should be
muted. This selection may involve clicking a mouse button or
tapping a touchscreen to select a Ul item, selecting an option
through keyboard input, etc. With the muting indication from
the first participant, the audio signal assessor will specify that
the identified participant(s)’ audio stream is not to be
included in the audio stream sent to the first participant.

The process 2200 then determines (at 2210), for each non-
focus participant, whether a single incoming audio stream can
be routed to the participant without any processing. As
described above, this will be the case when a particular par-
ticipant only needs to receive audio from one other partici-
pant. This may occur when the particular participant has
muted one or more other participants and/or one or more of
the other participants are not speaking. For instance, partici-
pant C in FIG. 19 receives only the unprocessed audio stream
of participant B because participant B is the only speaking
participant at that time and participant C has not muted par-
ticipant B.

When the process determines (at 2210) that there are one or
more non-focus participants that should receive an unproc-
essed audio stream, the process specifies (at 2215) the one
identified raw stream to route to each such non-focus partici-
pant. The process then determines (at 2225) whether there are
any remaining non-focus participants whose audio streams
have not yet been specified. When audio streams have been
specified for all of the non-focus participants, the process
proceeds to operation 2250, described below.

When there are remaining non-focus participants, the pro-
cess determines (at 2230), for each remaining non-focus par-
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ticipant, whether there are any other participant(s) who
should receive the same processed audio stream. As described
above, this will be the case when two or more of the partici-
pants should receive the same set of audio signals. For
instance, when two participants have muted each other, these
participants will receive the same mixed audio signal (e.g.,
participants B and C in FIG. 21). Similarly, if two participants
are not speaking while everyone else in the chat speaks, then
those two participants will receive the same mixed audio
signal. Various other combinations of muting instructions and
silent participants can lead to multiple participants receiving
the same audio stream.

When the process determines (at 2230) that at least two
non-focus participants should receive the same processed
audio stream, the process specifies (at 2235), for each group
of participants sharing a mixed audio signal, one processed
audio stream to route to the group of non-focus participants.
Based on this specification, the audio codec will not sepa-
rately generate a mixed audio stream for each of the partici-
pant in the group. The process then determines (at 2240)
whether there are any remaining non-focus participants
whose audio streams have not yet been specified. When audio
streams have been specified for all of the non-focus partici-
pants, the process proceeds to operation 2250, described
below.

When the process determines (at 2240) that there is at least
one remaining non-focus participant whose audio stream has
not been specified, the process then specifies (at 2245) a
unique processed audio stream to route to each of the remain-
ing non-focus participants. At this point, all of the streams for
non-focus participants will have been specified.

The process 2200 then determines (at 2250) whether any of
the streams for the non-focus participants can be used for the
focus participant. That is, the process determines whether any
of'the mixed audio signals specified for the non-focus partici-
pants are the same combinations of audio as will be used for
the focus participant. For instance, in FIG. 20, the focus
participant A and the non-focus participant D both receive a
mixed audio signal of participants B and C.

When a stream is specified for a non-focus participant that
can be used for the focus participant, the process specifies (at
2255) that the focus participant should receive an unencoded
version of the identified audio stream. Because the mixed
audio signal will be played on the focus computing device
rather than transmitted over a network, it should not be
encoded. However, the mixing operations need not be dupli-
cated, so as shown in FIG. 20, stream is sent from the audio
mixer to both the transmit buffer for the focus device and an
encoder for the non-focus device.

When there is no stream already specified that can be used
for the focus participant, a unique unencoded stream is speci-
fied (at 2260) for the focus participant. In some cases, this
may be the same unmixed single audio stream as one of the
non-focus participants, except that it must be decoded first
because it is played directly on the focus device. For instance,
in FIG. 19, participants A, C, and D all receive only partici-
pant B’s audio signal, but the stream for focus participant A
must be decoded before being sent to the transmit buffer. The
focus participant may also receive a unique mixed signal that
is not encoded.

Having described in detail above a focus point network that
is used to transmit audio data, subsection G will now describe
a focus point network of some embodiments that is used to
transmit video data in addition to audio data.

G. Video Data Through Dynamic Focus Point Network

As described above, some embodiments of invention use a
focus point network to route audio data while a mesh network



US 9,264,464 B2

37

is routing game data between multiple computing devices so
that the players using the computing devices can participate in
an audio chat session while playing a multiplayer game.
When a focus point computer device leaves the network (e.g.,
when its user shuts off the device or leaves the game), these
embodiments dynamically designate a new focus point with
minimal interruption to the audio chat.

In some embodiments, the focus network transmits video
data while the mesh network is transmitting game data
between the computing devices. In some embodiments, this is
in addition to the audio data, such that the players can par-
ticipate in an audio/video (A/V) conference while playing the
multiplayer game using their computing devices. An example
of such an A/V conference will now be described below by
reference to FIG. 23.

FIG. 23 illustrates an example of a game session that is
facilitated through two networks, a mesh network 2305 for
routing game data and a focus network 2310 for routing A/V
data. FIG. 23 illustrates the game session in two stages: a first
stage 2315 with a computing device 2325 serving as the focus
point device and a second stage 2315 after computing device
2325 has dropped out of the game and a new focus point
device is designated.

The first stage 2315 illustrates five players A-E at comput-
ing devices 2325-2345 playing a game together through the
mesh network 2305 and having an A/V conference with each
other through the focus network 2310. In some embodiments,
the mesh network 2305 is first set up, and the focus network
2310 is set up when one of the participants initiates the A/V
conference. As shown, at stage 2315, game data is being sent
over links (illustrated as curved lines) of the mesh network.

A/V data (data that includes both audio and video signals)
is sent over the links (illustrated by hollow straight lines) of
the focus point network from the non-focus computing
devices to the focus point computing device, which sends
back (over the same links) composite A/V data. In some
embodiments, the A/V data is audio and video data which are
voices and images of the players captured and converted into
data by the computing devices. Some examples of how the
focus point computing device generates the composite A/V
data are described in detail in the *378 application.

Having described using a focus network to transmit A/V
data for an A/V conference among multiple computing
devices, subsection H will now describe the software archi-
tecture of a computing device of some embodiments.

H. Examples of Software Applications

As described above, a computing device in some embodi-
ments connects to both a focus point network and a mesh
network to allow its user to participate simultaneously in a
multiplayer game and an audio chat during the multiplayer
game. In some cases, the computing device acts as the focus
point computing device, receiving audio data from non-focus
point computing devices, processing the audio data, and dis-
tributing the processed audio data to non-focus computing
devices. In other cases, the computing device is a non-focus
computing device, sending its audio data and receiving pro-
cessed audio data from a focus point computing device. In
either of these cases, the computing device also belongs to the
mesh network through which it exchanges game data with the
other computing devices.

The computing device of some embodiments includes sev-
eral modules to enable to perform its mesh and focus/non-
focus operations. FIG. 24 illustrates an example of some such
modules for some embodiments of the invention. Specifi-
cally, this figure illustrates the software architecture 2400 of a
computing device of some embodiments. The modules in this
architecture allow the computing device to join a mesh net-
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work to exchange game data in a multi-participant game and
to join a focus network to exchange audio data of the partici-
pants during the game. This architecture also supports the
exchange of video data of the participants during the game.

As shown in FIG. 24, the architecture 2400 includes an
operating system 2405, a focus point network module 2410, a
mesh network module 2430, a multi-player game framework
2407, a game application 2445 running on top of the frame-
work 2407, and an A/V client 2450 that is part of the game
application. This figure also illustrates to show that the focus
point network module 2410 includes four sub-modules: (1)
focus point module 2415 (2) non-focus point module 2420,
(3) focus designation module 2417, and (4) focus network
interface module 2425, and the mesh point network module
2430 includes three sub-modules: (1) mesh network interface
module 2435, (2) mesh managing module 2437, and (3) data
handling module 2440. The functions of each module or
application will be described first and then several possible
configurations in which these applications and modules can
operate will be described further below.

In some embodiments, the game framework 2407 provides
adevelopment tool kit to develop game applications for single
or multiplayer games. This framework also provides in some
embodiments several APIs and/or other instruction sets for
game applications (like game application 2445) to use to set
up and conduct their games.

The game application 2445 is an application that the com-
puting device uses to participate in a game session for a single
player or multiplayer game. This application sets up a multi-
player game by inviting other computing devices in some
embodiments. In another embodiments, the application can
join a multiplayer game session that has already been going
on among similar applications running on other computing
devices. The game application 2445 in some embodiments
accesses a matchmaking server to receive a list of players to
play the multiplayer game. An example of accessing a match-
making server and receiving a list from the server is described
above by reference to FIG. 6.

During a multiplayer game session, the game application
2445 generates game data and sends the data to the game
applications running on the computing devices of the other
players, through a mesh network that is created and managed
by the mesh network modules 2430, as further described
below. Through the mesh network, the game application 2445
also receives game data of the other players. The game appli-
cation 2445 then processes the generated and received game
data and renders representation of players (e.g., aracing carin
a car racing game) in the game on the computing device based
on the processed data.

The game application 2445 in some embodiments can use
its A/V client 2450 to start or join a A/V conference (e.g., an
audio chat session) during the multiplayer game session. In
other words, the A/V client 2450 allows the computing device
to participate, during a game session, in A/V conference with
other game participants. To participate in an A/V conference
during a game session, the computing device can initiate a
multi-participant conference or can join a multi-participant
conference that has been already set up by another computing
devices.

During a multi-participant chat session, the A/V client can
use the focus point network module 2410 when the applica-
tion 2450 is serving as the focus point of the A/V client
session, or the non-focus module 2420 when it is not serving
as the focus point. The focus point module performs focus
point audio/video processing operations when the A/V client
application is the focus point for a multi-participant A/V
conference. For example, the focus point module 2415 (1)
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receives A/V data from non-focus modules of non-focus com-
puting devices in the focus network and (2) generates com-
posite A/V data and distributes composite data to non-focus
computing devices. Several examples of such audio/video
processing operations are described above in previous sub-
sections by reference to FIGS. 4, 19 and 22, and in the *378
application.

On the other hand, the non-focus point module 2420 per-
forms non-focus point audio/video processing operations
when the application is not the focus point of the A/V con-
ference. For instance, the non-focus point module 2420 sends
A/V data to the focus module of the focus point network
through the focus network interface module 2425. Several
examples of such audio/video processing operations by a
non-focus computing device are described in the *378 appli-
cation.

The focus designation module 2417 is used in some
embodiments to perform some of focus point designation
operations. For example, this module 2417 performs the
focus-designation process (such as the process 800 of FIG. 8)
that handles the beacon exchange (i.e., receives and sends
beacons) when the focus point is being designated. In some
embodiments, this module 2417 also directs records used in
focus point designation operations to be sent by the comput-
ing device to another computing device. As described above
by reference to FIG. 8, a record contains capability informa-
tion relating to a computing device’s capabilities as a focus
point computing device. In some embodiments, these records
are exchanged between the computing devices along the sec-
ondary links established during the focus designation pro-
cess. In these or other embodiments, such records are or can
be exchanged between the computing devices along the com-
munication links of the mesh network.

The focus network interface module 2425 performs several
operations. First, the focus network interface module 2425 in
some embodiments monitors and manages the links that con-
nect the computing device with other computing devices in
the focus point network. The focus network interface module
2425 receives data (e.g., A/V content, records, etc.) from the
focus network modules 2410 of the other computing devices,
and routes the received data to the focus network module
2410 of the computing device. This interface module 2425
also receives data (i.e., A/V content, records, etc.) from the
focus module 2415 (when the device is a focus device) of the
computing device and routes this data to other destination
computing devices through focus network links. Also, when
any of focus network links is terminated for somereason (e.g.,
a router failure), the focus network interface module 2425
detects the termination and notifies the focus network module
2410 in some embodiments.

As shown in FIG. 24, the focus point network module 2410
in some embodiments is separate from the game applications
so that it can be used by other non-game applications. In other
embodiments, this module 2410 may be a module within A/V
client application, or is a module within the game framework
2407 or the game application 2445.

In some embodiments, the mesh network module 2430 is
part of the multi-participant game framework 2407, while in
other embodiments this module 2430 is separate from the
game framework 2407 as it is used by non-game applications.
For the game application 2445 running on the computing
device 2400, the mesh network module 2430 and its sub-
modules 2435 and 2440 perform several operations. The
mesh manager 2437 handles the processes for setting up the
mesh networks. The data handling module 2440 handles the
relaying of game data between the game application 2445 that
executes on the computing device and the game applications
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executing on the other computing devices. Specifically, this
module 2440 receives game data from game application 2445
and directs the data to the game applications running on the
computing devices of the other players playing the game. The
data handling module 2440 in some embodiments also
receives game data from another computing device in the
mesh network and determines whether, and if so how, the data
should be directed to another computing device.

For the focus point designation operations, the data han-
dling module 2440 in some embodiments receives beacons,
records and/or other data from the other computing devices
through the mesh network and passes them to the focus net-
work module 2410. For the A/V conference, the data handling
module 2440 in some embodiments passes A/V data received
from another computing device through the mesh network to
the A/V client application 2450. In some cases, the A/V data
is composite A/V data coming from the focus point comput-
ing device. In other cases, the A/V data is from a non-focus
point computing devices. In such cases, the data handling
module 2440 also receives composite A/V data from the A/V
client application 2450 and passes the data to the non-focus
point computing device through the mesh network.

The data handling module 2440 sends and receives data to
and from the computing devices in the mesh network via the
mesh network interface module 2435 in some embodiments.
To make the exchange of data possible, the mesh network
interface module 2435 monitors and manages mesh-network
links between the computing device and other computing
devices in the mesh network. The module 2435 also detects
when any of these links are terminated for some reasons (e.g.,
a router failure, powering off another computing device
which the computing device of the player had a link estab-
lished to) and notifies the data handling module 2440 in some
embodiments.

In some embodiments, all sub-modules 2415, 2420, 2425,
2440, and 2435 of the focus network module 2410 and the
mesh network module 2430 may be combined under one
module and become a part of the A/V client 2450 or the game
application 2445. In such embodiments, each application
would be able to perform dynamic designation of a focus
point computing devices using one or both of a mesh network
and focus point network. In some embodiments, the applica-
tions and modules may be implemented using one or more
Application Programming Interfaces (APIs) so that the appli-
cations and modules can be accessed through these APIs.
APIs are described in detail further below in Section V.

Having described the dual network approach for conduct-
ing games and exchange participant A/V data during games,
and the dynamic designation of focus computing device in
such a network, the use of dynamic designation of the focus
point in a non-game setting will now be described in Section
I
II1. Dynamic Focus Point Network

A focus point network is used in some embodiments to
conduct an A/V conference among multiple computing
devices. To set up the focus point network, some embodi-
ments designate a focus point device, and in case this device
leaves the network (e.g., when its user shuts off the device),
some of these embodiments dynamically designate a new
focus point with minimal interruption to the A/V chat among
the players. In some embodiments, a focus point network is
formed when a computing device, as an initiator of a multi-
participant A/V conference, invites the other computing
devices to the A/V conference and these computing devices
designate one of them as an initial focus point computing
device.
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FIG. 25 conceptually illustrates a process that is used by
several computing devices to conduct a multi-participant A/V
conference. This process is performed by a computing device
of an initiating participant that initiates the multi-participant
A/V conference. This process is also performed by each of the
computing devices of the participants who the initiating par-
ticipant invites to the chat session.

In some embodiments, the process 2500 starts when the
initiating computing device sends invitations to the comput-
ing devices of the participants being invited and receives
acceptances from the invited computing devices. The process
2500 starts for an invited participant when his computing
device receives an invitation from the initiating computing
device and sends an acceptance to the initiating computing
device.

The process 2500 initially exchanges (at 2505) beacons
and/or records with other computing devices participating in
the chat session. As described above by reference to FIG. 6, a
beacon is data that indicates to another device the sender’s
desire to establish a link with receiver. A record is data con-
taining capability information relating to a computing
devices capabilities as a focus point computing device, as
described above by reference to FIG. 8.

In some embodiments, the process exchanges (at 2505)
records with other participating computing devices through
the initiating computing device. The initiating computing
device in some embodiments collects records from the invited
computing devices and sends the records to each of the invited
computing devices so that every computing device has every-
one else’s records. With everyone’s record (i.e., with every-
one’s focus point capabilities), the process can select a com-
puting device with the best focus point capabilities, at 2510,
as further mentioned below.

In other embodiments, the process gets a list of other par-
ticipating computing devices from the initiating computing
device and then exchanges records with each of the other
computing devices directly without going through the initi-
ating computing device. Similar processes running on other
participating computing devices will also perform exchang-
ing records with other computing devices in this way. There-
fore, in these cases, the process has a record from each of
other participating computing devices and can select a com-
puting device with best focus point capabilities.

In still other embodiments, the process gets a list of other
participating computing devices from the initiating comput-
ing device and then attempts to set up and evaluate peer-to-
peer links with each of the other participating computing
devices through a beacon exchange process similar to the one
described above by reference to FIG. 8. In this exchange
process, the process 2500 in some embodiments exchanges
records with other participating computing devices regarding
the computing device’s capabilities and associated network
capabilities. In yet other embodiments, the process performs
the beacon exchange, but all the beacons are routed through
the inviting computing device.

Once the process has completed data exchange (at 2505)
with other computing devices, the process designates (at
2510) a computing device with the best focus point capabili-
ties as an initial focus point computing device. The process
determines which computing device among the participating
computing devices is most capable as a focus point comput-
ing device by analyzing and comparing the capability infor-
mation contained in the data exchanged (at 2505) regarding
all participating computing devices. In some embodiments,
however, the initiating computing device may be designated
as an initial focus point computing device regardless of its
capabilities as a focus point computing device.
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The process then exchanges (at 2515) A/V data with the
other computing devices until there is a modification in the
A/V conference. When the process is performed by a non-
focus computing device, the process (at 2515) sends A/V data
to the focus point computing device and receives composite
A/V data from the focus point computing device. Onthe other
hand, when the process is performed by a focus computing
device, the process (at 2515) receives A/V data from the
non-focus point computing devices, composites this data, and
transmits composited A/V data to the computing devices.

In some embodiments, different A/V conference modifica-
tions might cause the process 2500 to transition out of 2515.
Examples of such modifications might include one of the
participating computing devices (including the device per-
forming the process 2500) dropping from the A/V confer-
ence, or a new participant computing device joining the A/V
conference. In some embodiments, a new computing device
can join an ongoing A/V conference when it is invited by a
participating computing device. The pending joining of the
new device is then notified to other participating computing
devices by the computing device inviting the new device. The
inviting computing device may notify the other computing
devices directly or by sending notification through the focus
point computing device.

A participating computing device in some embodiments
may leave the A/V conference for certain reasons. In some
cases, the device leaves because the participant using the
device may opt out of the A/V conference. In such cases, the
device may directly notify the other participating computing
devices of its leave or by sending notifications through the
focus point computing device. In other cases, the device
leaves the A/V conference because communication links that
connected the device to other computing devices break. The
links may break when the participant using the computing
device powers off the device or a router that the computing
device is behind fails. In those cases, the remaining comput-
ing devices can detect the disconnection of the computing
device by recognizing the disappearance of the communica-
tion links with the disconnected computing device. Or, the
focus point computing device may detect and notify the dis-
connection to other participating devices.

When the process 2500 transitions out of 2515, the process
determines (at 2520) whether the A/V conference has ended
for its device. In some cases, a A/V conference ends by
mutual agreement of the participants and corresponding input
to the computing devices. In other situations, a A/V confer-
ence ends for the computing device performing the process
2500 when the participant using the computing device turns
off of the computing device or the computing device looses
connection to the other computing devices.

When the process 2500 determines (at 2520) that the A/V
conference has not ended for its computing device, it deter-
mines (at 2525) whether there are less than three computing
devices remaining in the A/V conference. When the process
determines (at 2525) that there are less than three computing
device remaining in the A/V conference, the process switches
(at 2530) to a peer-to-peer A/V conference mode with the
other remaining computing device, and then ends. The pro-
cess will exchange A/V data with that computing device until
this two-participant A/V conference ends (i.e., until the A/V
conference ends, or a new participant is added).

When the process 2500 determines (at 2525) that there are
three or more computing devices remaining in the A/V con-
ference, the process returns to 2505 to exchange beacons
and/or records with the participating computing devices, then
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designates a new focus point device (at 2510), and then uses
this device to exchange data until the next change in the A/V
conference.

The process returns to 2505 because either a new comput-
ing device is joining the A/V conference or a participating
computing device exited the A/V conference (and three or
more participants remain in the A/V conference). In those
cases when a new computing device is joining the A/V con-
ference, the exchange of beacons and/or records as described
above will take place among the participating computing
devices including the new device, in order to determine who
will be the best focus point at this stage of the A/V conference.
Ifthe new beacon exchange identifies a better focus computer
than the one currently used, the process 2500 then selects (at
2510) a new focus point computing device and uses this
device for the next round of content exchange.

When a participating computing device exited the A/V
conference, the exchange of beacons and/or records takes
place among the remaining computing devices. In some
embodiments, the process may exchange records with other
computing devices through the focus point computing device,
instead of the initiating computing device. When the exited
device was not the focus point device, and the new beacon
exchange identifies a better focus computer than the one
currently used, the process 2500 then selects (at 2510) a new
focus point computing device and uses this device for the next
round of content exchange.

On the other hand, the computing device leaving the A/V
conference might be the focus point computing device. As
described above, a computing device leaving an A/V confer-
ence may notify the remaining computing devices of its leav-
ing or the device leaves the session because the links connect-
ing the device to the other computing devices fails for some
reasons described above.

When the focus point computing device notifies the
remaining computing devices, the process in some embodi-
ments continues to use the focus point computing device for
a short period of time until they have designated a new focus
point device after the new round of beacon and/or record
exchange at 2505. Once the exchange is done, the focus point
computing device exits A/V conference and may be discon-
nected from the remaining computing devices.

In some cases, the focus point computing drops out of the
A/V conference because the links connecting to the other
participating computing devices fail. In this situation, the A/V
conference in some embodiments stalls for a period of time
and no A/V data is being exchanged for that period of time.
Thus, no video or sound will be played on each remaining
computing device for that period of time until the remaining
devices exchange beacons and/or records to designate a new
focus point computing device. Some embodiments also stall
the A/V conference in cases where the focus point device
actively disconnects from the A/V conference.

To address the drop out scenario, or to address the focus
point device actively terminating its participation in the A/V
conference, some embodiments do not implement either of
the two approaches mentioned above (i.e., do not continue
using the focus point device while a new focus point is des-
ignated and do not have a period during which they stall the
A/V conference and determine a new focus point device).
Instead, these embodiments start using a remaining comput-
ing device that was next on a sorted list of potential focus
point device. After switching to this new focus device, some
embodiments perform the beacon and/or record exchange to
identify which device is best focus point to use, and in some
embodiments, then switch to this new focus point device.
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In some embodiments, the process transitions from 2525 to
2510 and not 2505, because it does not exchange beacons
and/or records at this stage and instead use the previously
exchanged records to pick a new focus point computing
device among the remaining computing devices.

FIG. 26 illustrates the operation of an exemplary focus
point network 2645 through which multiple computing
devices are exchanging A/V data. This figure illustrates the
A/V conference in two stages 2605 and 2610. The first stage
2605 shows five participants A, B, C, D and E chatting
through the focus network 2645 and the computing device
2615 (of player A) serving as the focus point computing
device. The second stage 2610 shows four participants B, C,
D, and E continuing their chat after participant A departs from
the A/V conference. The second stage 2610 further shows that
after participant A’s departure, the computing device 2620 (of
player B) is dynamically identified and designated as the
focus point device, in order to allow the A/V chat among the
participants to continue through this device and the focus
point network.

FIG. 26 shows computing devices 2615-2635 of the par-
ticipants A-E, A/V data, records, links depicted as hollow
lines, dotted lines depicting directions of data flow. The com-
puting devices 2615-2635 are computing devices that partici-
pants A-E, respectively, are using to participate in the A/V
conference. The computing devices 2615 is the focus point
computing device of the focus point network 2600 and the
other computing devices 2615-2635 are non-focus comput-
ing devices. The A/V data in some embodiments is the voice
and video images of the participants captured and converted
into A/V data by the computing devices. The A/V data are
exchanged among the computing devices through the links
depicted as hollow lines. As described above by reference to
FIG. 8, a record contains capability information relating to
the focus point capabilities of each computing device. The
records are exchanged among the computing devices through
the links depicted as hollow lines in some embodiments.
These links and the computing devices connected by the links
make up the focus point network 2645.

Before the first stage 2605, the computing device 2615 of
participant A had initiated the A/V conference and invited
other computing devices 2620-2635 of participants B-E. As
the computing devices 2620-2635 of participants B-E were
joining the focus network 2645, these computing devices
exchanged records with each other through the initiating
computing device 2615 through the links between the joining
devices and the initiating computing device as shown. As
described above, the computing device 2615 becomes the
focus point computing device in some embodiments because
it initiated the chat. In some other embodiments, the comput-
ing device 2615 is designated as the focus point device based
onthe analysis of the records by each participating computing
device. The operation of the focus network 2645 is similar to
the operation of focus networks in some embodiments
described above in Section II.

The second stage 2610 shows non-focus point computing
devices 2620-2635 continuing a A/V conference through a
focus point network after an initial focus point computing
device disconnects from the focus network. Specifically, the
second stage 2610 shows that after the focus point computing
device 2615’s departure, the computing device 2620 (of par-
ticipant B) is dynamically identified and designated as the
focus point device, in order to allow the A/V chat among the
participants to continue through this device and the focus
point network.

As shown in the second stage 2610, the computing device
2615, depicted as a dotted box, is disconnected from the focus
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network 2645. All the links that connected the computing
device 2615 with the other computing devices through the
focus network 2645 are terminated and not depicted in the
third stage 2650. The remaining computing devices 2620-
2635 of participants B-E are connected through the focus
network 2645.

The exchange of the A/V data is stalled right after the initial
focus point computing device 2615 disconnects from the
focus point network 2645 and becomes unavailable to collect
and distribute the A/V data in some embodiments. However,
in other embodiments, one of the remaining computing
devices 2620-2635 is designated as a permanent or temporary
new focus computing device based on the previous record
exchange of the computing devices in order to minimize this
stalling. Each of the computing devices 2620-2635 in some
embodiments already has the record of each of the other
computing devices as each computing device has received the
record from the focus point computing device 2615 through
the focus point network 2645 at the first stage 2605. In other
embodiments, the computing device 2615 makes itself avail-
able for the remaining computing devices 2620-2635 to
exchange records through until a new focus point is desig-
nated. As shown in the stage 2650, once the computing device
2620 of participant is designated as the new focus point
computing device, the exchange of A/V data resumes and the
A/V conference continues among the computing device
2620-2635.

FIG. 27 illustrates the operation of another exemplary
focus point network 2645 through which multiple computing
devices are exchanging A/V data. FIG. 27 illustrates the A/V
conference in two stages 2705 and 2710. FIG. 27 shows the
same computing devices 2615-2635 of the participants A-E as
in FIG. 26. These devices exchange A/V data and records
along links depicted as hollow lines, with dotted lines depict-
ing directions of data flow. In addition, FIG. 27 shows bea-
cons and records exchanged by the computing devices.

As shown, the computing devices 2615-2635 exchange
beacons and records directly with each other without going
through the initiating or focus point computing device 2625
as described above by reference FIG. 26. The operation of
designating an initial focus point and a new focus point after
the initial device drops out of the A/V conference is similar to
such operation described above by reference to FIG. 8.

Having described several exemplary embodiments of dual
network approach, Section IV will now describe APIs that
some of these embodiments can be implemented in.

IV. Application Programming Interfaces

As described above, software applications (e.g., an audio
processing application or A/V conference application) and
modules (e.g. focus point module, mesh network module)
may be implemented using one or more Application Pro-
gramming Interfaces (APIs) so that the applications and mod-
ules can be accessed through these APIs.

Some of the functions described in the sections above are
implemented through APIs such as are described in the fol-
lowing section. In some embodiments, some of these APIs are
exposed to game developers who build games that make calls
to the APIs in order to access various functions. Functions
accessed through APIs may include, for example, mesh net-
work and focus network setup, audio/video conferencing dur-
ing a game, the definition and transfer of game data, etc.

An API is an interface implemented by a program code
component or hardware component (hereinafter “API-imple-
menting component™) that allows a different program code
component or hardware component (hereinafter “API-calling
component”) to access and use one or more functions, meth-
ods, procedures, data structures, classes, and/or other services
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provided by the API-implementing component. An API can
define one or more parameters that are passed between the
API-calling component and the API-implementing compo-
nent.

An API allows a developer of an API-calling component
(which may be a third party developer) to leverage specified
features provided by an API-implementing component. There
may be one API-calling component or there may be more than
one such component. An API can be a source code interface
that a computer system or program library provides in order to
support requests for services from an application. An operat-
ing system (OS) can have multiple APIs to allow applications
running on the OS to call one or more of those APIs, and a
service (such as a program library) can have multiple APIs to
allow an application that uses the service to call one or more
of'those APIs. An API can be specified in terms of a program-
ming language that can be interpreted or compiled when an
application is built.

In some embodiments the API-implementing component
may provide more than one API, each providing a different
view of or with different aspects that access different aspects
of the functionality implemented by the API-implementing
component. For example, one API of an API-implementing
component can provide a first set of functions and can be
exposed to third party developers, and another API of the
API-implementing component can be hidden (not exposed)
and provide a subset of the first set of functions and also
provide another set of functions, such as testing or debugging
functions which are not in the first set of functions. In other
embodiments the API-implementing component may itself
call one or more other components via an underlying APl and
thus be both an API-calling component and an API-imple-
menting component.

An API defines the language and parameters that API-
calling components use when accessing and using specified
features of the API-implementing component. For example,
an API-calling component accesses the specified features of
the API-implementing component through one or more API
calls or invocations (embodied for example by function or
method calls) exposed by the APl and passes data and control
information using parameters via the API calls or invocations.
The API-implementing component may return a value
through the API in response to an API call from an API-
calling component. While the API defines the syntax and
result of an API call (e.g., how to invoke the API call and what
the API call does), the API may not reveal how the API call
accomplishes the function specified by the API call. Various
API calls are transferred via the one or more application
programming interfaces between the calling (API-calling
component) and an API-implementing component. Transfer-
ring the API calls may include issuing, initiating, invoking,
calling, receiving, returning, or responding to the function
calls or messages; in other words, transferring can describe
actions by either of the API-calling component or the API-
implementing component. The function calls or other invo-
cations of the API may send or receive one or more param-
eters through a parameter list or other structure. A parameter
can be a constant, key, data structure, object, object class,
variable, data type, pointer, array, list or a pointer to a function
or method or another way to reference a data or other item to
be passed via the APIL.

Furthermore, data types or classes may be provided by the
API and implemented by the API-implementing component.
Thus, the API-calling component may declare variables, use
pointers to, use or instantiate constant values of such types or
classes by using definitions provided in the APIL.
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Generally, an API can be used to access a service or data
provided by the API-implementing component or to initiate
performance of an operation or computation provided by the
API-implementing component. By way of example, the API-
implementing component and the API-calling component
may each be any one of an operating system, a library, a
device driver, an API, an application program, or other mod-
ule (it should be understood that the API-implementing com-
ponent and the API-calling component may be the same or
different type of module from each other). API-implementing
components may in some cases be embodied at least in part in
firmware, microcode, or other hardware logic. In some
embodiments, an API may allow a client program to use the
services provided by a Software Development Kit (SDK)
library. In other embodiments an application or other client
program may use an API provided by an Application Frame-
work. In these embodiments the application or client program
may incorporate calls to functions or methods provided by the
SDK and provided by the API or use data types or objects
defined in the SDK and provided by the API. An Application
Framework may in these embodiments provide a main event
loop for a program that responds to various events defined by
the Framework. The API allows the application to specify the
events and the responses to the events using the Application
Framework. In some implementations, an API call can report
to an application the capabilities or state of a hardware device,
including those related to aspects such as input capabilities
and state, output capabilities and state, processing capability,
power state, storage capacity and state, communications
capability, etc., and the API may be implemented in part by
firmware, microcode, or other low level logic that executes in
part on the hardware component.

The API-calling component may be a local component
(i.e., on the same data processing system as the API-imple-
menting component) or a remote component (i.e., on a dif-
ferent data processing system from the API-implementing
component) that communicates with the API-implementing
component through the API over a network. It should be
understood that an API-implementing component may also
act as an API-calling component (i.e., it may make API calls
to an API exposed by a different API-implementing compo-
nent) and an API-calling component may also act as an API-
implementing component by implementing an API that is
exposed to a different API-calling component.

The API may allow multiple API-calling components writ-
ten in different programming languages to communicate with
the API-implementing component (thus the API may include
features for translating calls and returns between the API-
implementing component and the API-calling component);
however the API may be implemented in terms of a specific
programming language. An API-calling component can, in
one embedment, call APIs from different providers such as a
set of APIs from an OS provider and another set of APIs from
a plug-in provider and another set of APIs from another
provider (e.g. the provider of a software library) or creator of
the another set of APIs.

FIG. 28 is a block diagram illustrating an API architecture,
which may be used in some embodiments of the invention. As
shown in FIG. 28, the API architecture 2800 includes the
API-implementing component 2810 (e.g., an operating sys-
tem, a library, a device driver, an AP, an application program,
software or other module) that implements the API 2820. The
API 2820 specifies one or more functions, methods, classes,
objects, protocols, data structures, formats and/or other fea-
tures of the API-implementing component that may be used
by the API-calling component 2830. The API 2820 can
specify at least one calling convention that specifies how a
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function in the APIl-implementing component receives
parameters from the API-calling component and how the
function returns a result to the API-calling component. The
API-calling component 2830 (e.g., an operating system, a
library, a device driver, an API, an application program, soft-
ware or other module), makes API calls through the AP12820
to access and use the features of the API-implementing com-
ponent 2810 that are specified by the API 2820. The API-
implementing component 2810 may return a value through
the API 2820 to the API-calling component 2830 in response
to an API call.

It will be appreciated that the API-implementing compo-
nent 2810 may include additional functions, methods,
classes, data structures, and/or other features that are not
specified through the API 2820 and are not available to the
API-calling component 2830. It should be understood that the
API-calling component 2830 may be on the same system as
the API-implementing component 2810 or may be located
remotely and accesses the API-implementing component
2810 using the API 2820 over a network. While FIG. 28
illustrates a single API-calling component 2830 interacting
with the API 2820, it should be understood that other API-
calling components, which may be written in different lan-
guages (or the same language) than the API-calling compo-
nent 2830, may use the API 2820.

The API-implementing component 2810, the API 2820,
and the API-calling component 2830 may be stored in a
machine-readable medium, which includes any mechanism
for storing information in a form readable by a machine (e.g.,
a computer or other data processing system). For example, a
machine-readable medium includes magnetic disks, optical
disks, random access memory; read only memory, flash
memory devices, etc.

In FIG. 29, an example of how APIs may be used, appli-
cations can make calls to Services A or B using several Ser-
vice APIs and to Operating System (OS) using several OS
APIs. Services A and B can make calls to OS using several OS
APIs.

Note that the Service 2 has two APIs, one of which (Service
2 API 1) receives calls from and returns values to Application
1 and the other (Service 2 API 2) receives calls from and
returns values to Application 2. Service 1 (which can be, for
example, a software library) makes calls to and receives
returned values from OS API 1, and Service 2 (which can be,
for example, a software library) makes calls to and receives
returned values from both OS API 1 and OS API 2. Applica-
tion 2 makes calls to and receives returned values from OS
API 2.

V. Computing Device

Many of the above-described processes and modules are
implemented as software processes that are specified as a set
of instructions recorded on a non-transitory computer read-
able storage medium (also referred to as “computer readable
medium” or “machine readable medium”). These instruc-
tions are executed by one or more computational elements,
such as one or more processing units of one or more proces-
sors or other computational elements like Application-Spe-
cific ICs (“ASIC”) and Field Programmable Gate Arrays
(“FPGA”). The execution of these instructions causes the set
of computational elements to perform the actions indicated in
the instructions. Computer is meant in its broadest sense, and
can include any electronic device with a processor. Examples
of non-transitory computer readable media include, but are
not limited to, CD-ROMs, flash drives, RAM chips, hard
drives, EPROMs, etc. The computer readable media does not
include carrier waves and/or electronic signals passing wire-
lessly or over wired connection.



US 9,264,464 B2

49

In this specification, the term “software” includes firmware
residing in read-only memory or applications stored in mag-
netic storage that can be read into memory for processing by
one or more processors. Also, in some embodiments, multiple
software inventions can be implemented as parts of a larger
program while remaining distinct software inventions. In
some embodiments, multiple software inventions can also be
implemented as separate programs. Finally, any combination
of separate programs that together implement a software
invention described herein is within the scope of the inven-
tion. In some embodiments, the software programs when
installed to operate on one or more computing devices define
one or more specific machine implementations that execute
and perform the operations of the software programs.

FIG. 30 conceptually illustrates a computing device 3000
with which some embodiments of the invention are imple-
mented. For example, the computing device described above
by reference to FIGS. 1-27 may be at least partially imple-
mented using sets of instructions that are run on the comput-
ing device 3000. As another example, the processes described
by reference to FIGS. 6-8, and 22 may be at least partially
implemented using sets of instructions that are run on the
computing device 3000.

Such a computing device includes various types of non-
transitory computer readable mediums and interfaces for
various other types of non-transitory computer readable
mediums. Computing device 3000 includes a bus 3010, at
least one processing unit (e.g., a processor) 3020, a system
memory 3030, a read-only memory (ROM) 3040, a perma-
nent storage device 3050, input devices 3070, output devices
3080, and a network connection 3090. The components of the
computing device 3000 are electronic devices that automati-
cally perform operations based on digital and/or analog input
signals. The various examples of user inputs described by
reference to FIGS. 6-7 may be at least partially implemented
using sets of instructions that are run on the computing device
3000 and displayed using the output devices 3080.

One of ordinary skill in the art will recognize that the
computing device 3000 may be embodied in other specific
forms without deviating from the spirit of the invention. For
instance, the computing device may be implemented using
various specific devices either alone or in combination. For
example, a local PC may include the input devices 3070 and
output devices 3080, while aremote PC may include the other
devices 3010-3050, with the local PC connected to the remote
PC through a network that the local PC accesses through its
network connection 3090 (where the remote PC is also con-
nected to the network through a network connection).

Thebus 3010 collectively represents all system, peripheral,
and chipset buses that communicatively connect the numer-
ous internal devices of the computing device 3000. In some
cases, the bus 3010 may include wireless and/or optical com-
munication pathways in addition to or in place of wired con-
nections. For example, the input devices 3070 and/or output
devices 3080 may be coupled to the system 3000 using a
wireless local area network (W-LAN) connection, Blue-
tooth®, or some other wireless connection protocol or sys-
tem.

The bus 3010 communicatively connects, for example, the
processor 3020 with the system memory 3030, the ROM
3040, and the permanent storage device 3050. From these
various memory units, the processor 3020 retrieves instruc-
tions to execute and data to process in order to execute the
processes of some embodiments. In some embodiments the
processor includes an FPGA, an ASIC, or various other elec-
tronic components for execution instructions.
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The ROM 3040 stores static data and instructions that are
needed by the processor 3020 and other modules of the com-
puting device. The permanent storage device 3050, on the
other hand, is a read-and-write memory device. This device is
a non-volatile memory unit that stores instructions and data
even when the computing device 3000 is off. Some embodi-
ments of the invention use a mass-storage device (such as a
magnetic or optical disk and its corresponding disk drive) as
the permanent storage device 3050.

Other embodiments use a removable storage device (such
as a floppy disk, flash drive, or CD-ROM) as the permanent
storage device. Like the permanent storage device 3050, the
system memory 3030 is a read-and-write memory device.
However, unlike storage device 3050, the system memory
3030 is a volatile read-and-write memory, such as a random
access memory (RAM). The system memory stores some of
the instructions and data that the processor needs at runtime.
In some embodiments, the sets of instructions and/or data
used to implement the invention’s processes are stored in the
system memory 3030, the permanent storage device 3050,
and/or the read-only memory 3040. For example, the various
memory units include instructions for processing multimedia
items in accordance with some embodiments.

The bus 3010 also connects to the input devices 3070 and
output devices 3080. The input devices 3070 enable the user
to communicate information and select commands to the
computing device. The input devices include alphanumeric
keyboards and pointing devices (also called “cursor control
devices”). The input devices also include audio input devices
(e.g., microphones, MIDI musical instruments, etc.) and
video input devices (e.g., video cameras, still cameras, optical
scanning devices, etc.). The output devices 3080 include
printers, electronic display devices that display still or mov-
ing images, and electronic audio devices that play audio gen-
erated by the computing device. For instance, these display
devices may display a GUIL The display devices include
devices such as cathode ray tubes (“CRT”), liquid crystal
displays (“LCD”), plasma display panels (“PDP”), surface-
conduction electron-emitter displays (alternatively referred
to as a “surface electron display” or “SED”), etc. The audio
devices include a PC’s sound card and speakers, a speaker on
a cellular phone, a Bluetooth® earpiece, etc. Some or all of
these output devices may be wirelessly or optically connected
to the computing device.

Finally, as shown in FIG. 30, bus 3010 also couples com-
puter 3000 to a network 3090 through a network adapter (not
shown). In this manner, the computer can be a part of a
network of computers (such as a local area network (“LAN”),
a wide area network (“WAN™), an Intranet, or a network of
networks, such as the Internet. For example, the computer
3000 may be coupled to a web server (network 3090) so that
a web browser executing on the computer 3000 can interact
with the web server as a user interacts with a GUI that oper-
ates in the web browser.

FIG. 31 conceptually illustrates a computing device 3100
with which some embodiments of the invention are imple-
mented. Specifically, FIG. 31 is an example of a mobile
computing device. The implementation of a mobile comput-
ing device can include one or more processing units 3105,
memory interface 3110 and a peripherals interface 3115.
Each of these components that make up the computing device
can be separate components or integrated in one or more
integrated circuits. These various components can also be
coupled together by one or more communication buses or
signal lines.

The peripherals interface 3115 can be coupled to various
sensors and subsystems, including a camera subsystem 3120,
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a wireless communication subsystem(s) 3125, audio sub-
system 3130, 1/O subsystem 3135, etc. The peripherals inter-
face 3115 enables communication between processors and
peripherals. Peripherals such as an orientation sensor 3145 or
an acceleration sensor 3150 can be coupled to the peripherals
interface 3115 to facilitate the orientation and acceleration
functions.

The camera subsystem 3120 can be coupled to one or more
optical sensors 3140, e.g., a charged coupled device (CCD)
optical sensor, a complementary metal-oxide-semiconductor
(CMOS) optical sensor. The camera subsystem 3120 coupled
with the sensors may facilitate camera functions, such as
image and/or video data capturing. The camera subsystem
3120 can be used to generate video data for an A/V confer-
ence illustrated by reference to FIG. 23.

Wireless communication subsystems 3125 may serve to
facilitate communication functions. Wireless communication
subsystems 3125 may include one or more transceivers (with
each transceiver including a receiver and transmitter), such as
one or more radio or optical transceivers, etc. For instance, in
some embodiments, the wireless communication subsystems
3125 include a cellular radio transceiver (e.g., 3G or 4G
transceiver), a Bluetooth transceiver, and a WiF1i transceiver.
Through their data channel circuits that utilize standard data
protocols (such as IP layer protocols), such transceivers allow
the mobile device to connect to different communication
networks and different computing devices. For instance, in
some embodiments, the WiF1i transceiver allows the mobile
device to connect to both the mesh and focus networks dis-
cussed above, in order to exchange game data along the mesh
network and audio data along the focus network. Alterna-
tively, the mobile device in some embodiments can connect to
different networks through different transceivers. For
example, the WiFi transceiver can be used in some embodi-
ments to connect to mesh network while the cellular radio
transceiver can be used in some embodiments to connect to
the focus point network, or vice versa. In some embodiments,
the different transceivers share hardware resources on the
mobile device. For instance, two or more of the transceivers
are fully or partially implemented by one or more processing
units of the processor 3105 in some embodiments.

The audio subsystems 3130 is coupled to a speaker and a
microphone to facilitate voice-enabled functions, such as
voice recognition, digital recording, etc. I/O subsystem 3135
involves the transfer between input/output peripheral devices,
such as a display, a touch screen, etc., and the data bus of the
CPU through the Peripherals Interface. I/O subsystem 3135
can include a touch-screen controller 3155 and other input
controllers 3160 to facilitate these functions. Touch-screen
controller 3155 can be coupled to the touch screen 3165 and
detect contact and movement on the screen using any of
multiple touch sensitivity technologies. Other input control-
lers 3160 can be coupled to other input/control devices, such
as one or more buttons.

Memory interface 3110 can be coupled to memory 3170,
which can include high-speed random access memory and/or
non-volatile memory such as flash memory. Memory can
store an operating system (OS) 3172. The OS 3172 can
include instructions for handling basic system services and
for performing hardware dependent tasks.

Memory can also include communication instructions
3174 to facilitate communicating with one or more additional
devices; graphical user interface instructions 3176 to facili-
tate graphic user interface processing; image/video process-
ing instructions 3178 to facilitate image/video-related pro-
cessing and functions; phone instructions 3180 to facilitate
phone-related processes and functions; media exchange and
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processing instructions 3182 to facilitate media communica-
tion and processing-related processes and functions; camera
instructions 3184 to facilitate camera-related processes and
functions; and video conferencing instructions 3186 to facili-
tate video conferencing processes and functions. The above
identified instructions need not be implemented as separate
software programs or modules. Various functions of mobile
computing device can be implemented in hardware and/or in
software, including in one or more signal processing and/or
application specific integrated circuits.

As mentioned above, some embodiments include elec-
tronic components, such as microprocessors, storage and
memory that store computer program instructions in a non-
transitory machine-readable or computer-readable medium
(alternatively referred to as computer-readable storage
media, machine-readable media, or machine-readable stor-
age media). Some examples of such non-transitory computer-
readable media include RAM, ROM, read-only compact
discs (CD-ROM), recordable compact discs (CD-R), rewrit-
able compact discs (CD-RW), read-only digital versatile
discs (e.g., DVD-ROM, dual-layer DVD-ROM), a variety of
recordable/rewritable DVDs (e.g., DVD-RAM, DVD-RW,
DVD+RW, etc.), flash memory (e.g., SD cards, mini-SD
cards, micro-SD cards, etc.), magnetic and/or solid state hard
drives, read-only and recordable blu-ray discs, ultra density
optical discs, any other optical or magnetic media, and floppy
disks. The non-transitory computer-readable media may store
a computer program that is executable by a device such as an
electronics device, a microprocessor, a processor, a multi-
processor (e.g., an IC with several processing units on it) and
includes sets of instructions for performing various opera-
tions. The computer program excludes any wireless signals,
wired download signals, and/or any other ephemeral signals.

Examples of hardware devices configured to store and
execute sets of instructions include, but are not limited to,
ASICs, FPGAs, programmable logic devices (“PLDs”),
ROM, and RAM devices. Examples of computer programs or
computer code include machine code, such as produced by a
compiler, and files including higher-level code that are
executed by a computer, an electronic component, or a micro-
processor using an interpreter.

As used in this specification and any claims of this appli-
cation, the terms “computer”, “computing device”, “server”,
“processor”, and “memory” all refer to electronic or other
technological devices. These terms exclude people or groups
of people. For the purposes of this specification, the terms
display or displaying mean displaying on an electronic
device. As used in this specification and any claims of this
application, the terms “computer readable medium” and
“computer readable media” are entirely restricted to non-
transitory, tangible, and physical objects that store informa-
tion in a form that is readable by a computer. These terms
exclude any wireless signals, wired download signals, and/or
any other ephemeral signals.

It should be recognized by one of ordinary skill in the art
that any or all of the components of computing device 3000 or
computing device 3100 may be used in conjunction with the
invention. Moreover, one of ordinary skill in the art will
appreciate that any other system configuration may also be
used in conjunction with the invention or components of the
invention.

While the invention has been described with reference to
numerous specific details, one of ordinary skill in the art will
recognize that the invention can be embodied in other specific
forms without departing from the spirit of the invention.
Moreover, while the examples shown illustrate many indi-
vidual modules as separate blocks (e.g., the focus network
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module 2410, the mesh network module 2430, etc.), one of
ordinary skill in the art would recognize that some embodi-
ments may combine these modules into a single functional
block or element. One of ordinary skill in the art would also
recognize that some embodiments may divide a particular
module into multiple modules.

In addition, a number of the figures (including FIGS. 6-8,
22, and 25) conceptually illustrate processes. The specific
operations of these processes may not be performed in the
exact order shown and described. The specific operations may
not be performed in one continuous series of operations, and
different specific operations may be performed in different
embodiments. Furthermore, the process could be imple-
mented using several sub-processes, or as part of a larger
macro process. One of ordinary skill in the art would under-
stand that the invention is not to be limited by the foregoing
illustrative details, but rather is to be defined by the appended
claims.

What is claimed is:

1. A non-transitory computer readable medium of a first
computing device that participates in a communication ses-
sion among a plurality of computing devices, the computer
readable medium storing a computer program that is execut-
able by at least one processing unit, the computer program
comprising sets of instructions for:

joining a first network that is established for routing a first

type of media content data among the plurality of com-
puting devices;

through the first network, receiving media content data of

the first type;

from the received media content data of the first type,

producing a first media presentation on the first comput-
ing device;

joining a second network that has a different network

topology than the first network and that is established for
sharing a second type of media content data among the
plurality of computing devices;
through the second network, receiving media content data
of the second type while concurrently receiving media
content data of the first type through the first network;

from the received media content data of the second type,
producing a second media presentation on the first com-
puting device,

wherein the second network uses one of the computing

devices as a central network hub for audio processing,
wherein the audio processing includes accounting for
silent participants.

2. The computer readable medium of claim 1, wherein the
computer program further comprises sets of instructions for:

through the first network, transmitting media content data

of' the first type; and

through the second network, transmitting media content

data of the second type while concurrently transmitting
media content data of the first type through the first
network.

3. The computer readable medium of claim 1, wherein the
sets of instructions for producing the first and second media
presentations comprises sets of instructions for:

providing the first media presentation on the first comput-

ing device; and

providing the second media presentation on the first com-

puting device concurrently with the first media presen-
tation.

4. The computer readable medium of claim 1, wherein the
computer program further comprises a set of instructions for
using the first network to set up the second network.
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5. The computer readable medium of claim 4,

wherein the second network is a star network that uses the
central network hub for receiving content from each
computing device in the second network and distributing
the received content to other computing devices in the
second network,

wherein the computer program further comprises sets of

instructions for:
using the first network to identify one computing device
out of the plurality of computing devices that should
be designated as the central network hub;
designating the identified computing device as the hub of
the star network.

6. The computer readable medium of claim 5, wherein the
central network hub capabilities comprises at least one of (i)
device type of the computing device, (ii) Network Address
Translation (NAT) router type of the router the computing
device is behind, (iii) number of links that a computing device
can establish with the other computing devices, and (iv) qual-
ity of the links.

7. The computer readable medium of claim 6, wherein the
device type comprises at least one of (i) the speed of the
computing device’s Central Processing Unit (CPU), and (ii)
memory capacity of the computing device.

8. The computer readable medium of claim 6, the quality of
links comprises at least one of (i) bandwidth of each link, and
(ii) bit error rate of each link.

9. The computer readable medium of claim 1, wherein the
first network is a mesh network and the second network is a
star network.

10. A method for a first computing device to participate in
a communication session among a plurality of computing
devices, the method comprising:

joining a first network that is established for routing a first

type of media content data among the plurality of com-
puting devices;

through the first network, receiving media content data of

the first type;

from the received media content data of the first type,

producing a first media presentation on the first comput-
ing device;

joining a second network that has a different network

topology than the first network and that is established for
sharing a second type of media content data among the
plurality of computing devices;
through the second network, receiving media content data
of the second type while concurrently receiving media
content data of the first type through the first network;

from the received media content data of the second type,
producing a second media presentation on the first com-
puting device,

wherein the second network uses one of the computing

devices as a central network hub for audio processing,
wherein the audio processing includes accounting for
silent participants.

11. The method of claim 10, wherein the computer pro-
gram further comprises sets of instructions for:

through the first network, transmitting media content data

of the first type; and

through the second network, transmitting media content

data of the second type while concurrently transmitting
media content data of the first type through the first
network.

12. The method of claim 10, wherein the sets of instruc-
tions for producing the first and second media presentations
comprises sets of instructions for:
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providing the first media presentation on the first comput-
ing device; and

providing the second media presentation on the first com-
puting device concurrently with the first media presen-
tation.

13. The method of claim 10, wherein the different network
topologies of the first and second networks provide different
schemes for distributing media content data among the plu-
rality of computing devices.

14. The method of claim 10, wherein the first network has
a mesh topology that provides multiple paths for providing
media content data from one computing device to at least
another computing device, while the second network is a
non-mesh topology that provides at most only one path for
providing media content data from any one computing device
to any other computing device.

15. A computing device to participate in a communication
session among a plurality of computing devices, the comput-
ing device comprising:

a first module (i) to set up a first network for routing a first
type of media content data among the plurality of com-
puting devices, (ii) through the first network, to receive
media content data of the first type, and (iii) from the
received media content data of the first type, to produce
a first media presentation on the computing device; and

a second module (1) to set up a second network for sharing
a second type of media content data among the plurality
of computing devices, the second network having a dif-
ferent network topology than the first network, (ii)
through the second network, to receive media content
data of the second type, while the first module is con-
currently receiving media content data of the first type
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through the first network, and (iii) from the received
media content data of the second type, to produce a
second media presentation on the computing device,
wherein the second network uses one of the computing
devices as a central network hub for processing, wherein
the audio processing accounting for silent participants.

16. The computing device of claim 15, wherein the first
module transmits media content data of the first type through
the first network while the second module concurrently trans-
mits media content data of the second type.

17. The computing device of claim 15, wherein the difter-
ent network topologies of the first and second networks pro-
vide different schemes for distributing media content data
among the plurality of computing devices.

18. The computing device of claim 15, wherein the first
network has a mesh topology that provides multiple paths for
providing media content data from one computing device to
at least another computing device, while the second network
is anon-mesh topology that provides at most only one path for
providing media content data from any one computing device
to any other computing device.

19. The computing device of claim 15, wherein the media
content data of the first type comprises media content data
generated by the computing devices to perform a particular
task, while the media content data of the second type com-
prises media content data captured from users of the comput-
ing devices.

20. The computing device of claim 15, wherein the media
content data of the first and second types are not control data
for establishing or maintaining the communication session
along the first and second networks.
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